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To  the  Right  Honourable 


PUTTEE, 

Lord  Viscount 

torrington. 


My  Lord, 

S HO  ULD  have  been  at  a Lofs 
to  approach  your  Lordfhip  with 
this  DEDICATION , if  I 

had  not  firjl  had  the  Honour  immediately 
to  Serve  your  Honourable  Father  Admiral 
Byng,  in  the  Quality  of  Mathematician, 
aboard  his  Majefly  s Ship  the  Barfleur,  in 
the  Mediterranean ; I at  the  fame  Time 
having  the  Honour  to  attend  and  affift  your 
Lordfhip  in  your  Mathematical  Studies 

Aboard 
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Aboard  of  the  j aid  Ship , and  his  Lordjhip 
after  his  Return  to  England,  being  pleafed 
to  Accept  and  Approve  of  a Dedication  of 
this  Book  of  Navigation  : I humbly  crave 
Leave  to  do  myfelf  the  additional  Honour , 
to  make  an  humble  Offering  of  the  fixth 
Impreffton  to  the  Patronage  of  your  Lord - 
ffipt  and  to  continue  it  under  the  fame 
Noble  Family  and  "Title , where  it  has  been 
fo  much  encouraged , and  beg  Leave  to  be 
allowed  the  Honour  to  Jubfcribe  myfelf 

My  Lord, 


Your  Lordfliip’s  moll  humble, 


And  moft  obedient  Servant, 
Henry  Wilson. 
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READER. 

Courteous  Reader, 

H E general  Approbation  that  this 
Book  has  met  with,  both  in  the 
Navy  and  amongft  Merchant 
Ships,  hath  encouraged  the  Book- 
feller,  not  only  to  print  a large 
Number,  but  alfo  to  be  at  the 
Charge  of  the  Addition  of  Spherical  'Trigonometry , 
Ajlronomey , &c.  and  engraving  all  the  Cuts  upon 
Copper  Plates,  with  fuch  other  Improvements, 

' as  might  be  thought  necclfary  to  make  it  a Com- 
pleat  Treatife  of  Navigation.  But  if  there  are  yet 
fome  in  the  World,  that  not  being  capable  of’ 
Improvements  themfel  .es,  envy  what  is  made  by 
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others : Let  fuch  confider,  that  there  is  Room 
enough  for  every  induftrious  Navigator,  to  employ 
his  Talent  thatWay : Nor  is  it  poffible  to  conclude, 
that  Navigation  is  arrived  at  its  ne  plus  ultra , fo 
long  as  the  Longitude  remains  to  be  fuch  a puz- 
ling  Subject  to  our  belt  Mathematicians,  efpe- 
cially  now,  in  a Day,  when  the  Parliament  hath 
been  pleafed  to  offer  fuch  a liberal  and  plentiful 
Gratuity  to  him  that  fhall  firft  difcover  it : For 
the  fupplying  of  which  Want  of  an  exadt  Method 
to  find  the  Longitude,  1 have,  toward  the  latter 
End  of  this  Treatife,  inferted  a very  ufeful  Me- 
thod for  finding  the  Longitude  by  the  Sun,  any 
Day  at  Noon,  when  the  Sun  can  be  feen.  But  to 
wave  this  Subje&i we  find  that  Mathematical  Stu- 
died did  hitherto,  and  do  yet  admit  of  Improve- 
ment : For  in  former  Times,  when  Mathematical 
Sciences  were  in  their  Non-age,  and  Minerva' s 
Fruit  did  not  grow  in  fo  many  Englijh  Gardens 
as  it  doth  now,  it  was  thought  (and  indeed  was) 
an  extraordinary  Attainment  in  Trigonometrical 
Operations,  when  the  Antients  found  out  the 
Way  of  applying  Right  Lines  to  Arches  of  Cir- 
cles, which  we  call  Sines,  Tangents,  and  Se- 
cants, and  could  thereby  perform  their  Trigono- 
metrical Calculations,  although  with  the  vaft 
Trouble  of  multiplying  by  5,  6,  7,  or  8 Figures, 
which  took  up  a large  Quantity  both  of  Time  and 
Room ; but  this  Manner  of  Operation  was  much 
facilitated  by  my  Lord  Napiers  admirable  Inven- 
tion of  Logarithms,  with  the  Improvement  of 
Mr.  Henry  Briggs  j the  Ufe  of  which  is  now  fo 
common,  that  he  would  be  thought  but  a fiender 
Mathematician,  that  knows  no  other  Way  of  Ope- 
ration than  by  Multiplication  and  Divifion,  the 
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Trouble  whereof  is  now  thought  intolerable:  To  . 
this  we  may  add  the  Invention  of  Gunters  Scale, 
both  long  and  Aiding,  upon  which,  with  a Turn 
of  a Pair  of  Compalfes  on  the  one,  or  only  re- 
moving the  other,  are  performed  thofe  Propofi- 
tions  in  Trigonometry  which  formerly  required 
Abundance  of  Figures  in  the  Operation ; but  all 
this  not  being  thought  fufficiently  expeditious  at 
Sea,  there  have  been  alfo  invented  Tables  ready 
calculated,  called  Traverfe  Tables,  or  Tables  of 
Difference  of  Latitude  and  Departure,  wherein  by 
Infpe&ion  only  you  may  anfwer  any  Queftion  in 
any  of  the  fix  Cafes  of  Plane  Sailing , and  alfo  find 
the  Difference  of  Longitude,  as  is  taught  at  large 
in  this  Treatife : But  of  all  the  Improvements  that 
have  been  made,  I never  heard  of  any  that  ever  at- 
tained to  a Method  for  folving  all  the  Cafes  in 
Trigonometry , and  Practical  Navigation , viz.  the 
keeping  of  a Reckoning  both  in  Latitude  and 
Longitude,  with  fufficient  Exa&nefs,  without  any 
Tables,  Books  or  Inftruments,  or  any  other  Help, 
but  only  Pen  and  Ink,  or  a Piece  of  Chalk;  and 
this  is  what  I have  prefented  to  the  World  in  this 
Treatife,  and  which  I take  for  granted  was  never 
taught  or  printed  before,  excepting  that  Propor- 
tion by  which  I have  wrought  the  fix  Cafes  of 
Plane  Sailing  by  the  New  Method ’,  which  we  find 
hinted  at  by  Snellius,  in  his  Cyclometria,  quoted 
by  Mr.  Collins , in  his  Book  entitled,  The  Plane 
Scale  New  Plained , &c.  in  the  Title  Page  of  which 
Book  he  enumerates  among  the  reft  of  the  Con 
tents,  [ Arithmetical  Navigation , or  Navigation 
performed  by  the  Pen , if  Tables  were  wanting , £?c.] 
at  the  firft  Sight  of  which  I thought  my  Defign 
had  been  anticipated,  till  looking  further  into  the 
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Book  where  he  is  upon  that  Subject,  {viz.  in  Page 
1 1 8 of  the  firft  Book)  I find  he  touches  upon  no 
more  but  only  that  Cafe,  where  three  Sides  of  a 
right-angled  Triangle  are  given  (or  found)  to  find 
an  Angle  ; but  in  (in  Page  1 20)  fpeaking  of  that 
Cafe  of  one  Side,  and  two  Angles  given,  to  find 
the  other  Side,  he  ingenioufly  owns,  that  it  can- 
not be  done  without  a Table  of  Sines,  and  that  is 
what  I have  laid  down  in  this  T reatife,  viz.  The 
Solution  of  all  the  other  five  Cafes  of  Plane  Sail- 
ing, or  any  other  Operation  that  depends  upon  a 
right  angled  plane  Triangle,  with  as  much  (if 
not  more)  Eafie  and  Exaflnefs  as  that  is  perform- 
ed there,  which  encouraged  me  to  proceed  to  the 
compleating  of  that  New  Method,  which  I de- 
figned  (hould  only  have  been  the  Subject  of  this 
Treatife,  when  I firft  thought  of  appearing  in 
Public.  But  fuppofing  that  thofe  who  had  learn- 
ed the  whole  Alt  of  Navigation,  both  Geometri- 
cal, Trigonometrical  and  Injlrumental,  as  it  is  com- 
monly taught  in  Schools,  and  praftifed  at  Sea, 
ftiould  be  difcouraged  from  buying  the  Book, 
when  they  found  nothing  in  it  that  they  had  for- 
merly learnt;  therefore  for  the  Sake  of  fuch,  and 
to  make  the  Book  univerfally  Ufeful,  I refolve  to 
make  it  a compleat  Treatife  of  Navigation,  as 
performed, 

Firjl , Geometrically, by  Proje&ion,  with  Chords 
and  equal  Parts. 

Secondly , By  Trigonometrical  Calculation,  by 
Logarithms,  Sines  and  Tangents. 

Thirdly , By  Infpeflion,  in  the  Traverfe  Table. 

Fourthly , 
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Fourthly,  Arithmetically,  by  given  Numbers. 

Fifthly,  Inftrumentally,  by  Scale  and  Compares. 

Sixthly,  By  a New  Method,  with  only  Pen  and 
Ink. 

Lajlly , Praflical  Navigation  in  feveral  Parts ; as, 

- Firjly  How  to  find  the  Variation  of  the  Compafs 
by  an  eafy  Method,  without  Trigonometrical  Cal- 
culation, Azimuth,  or  Amplitude,  whereby  they 
that  can  neither  write  or  read  may  do  it  as  well 
as  the  beft  Mathematician. 

Secondly,  How  to  divide  the  Log-line,  and  Rea- 
fons  given  for  the  Length  afligned  for  one  Knot 
thereof. 

• Thirdly , The  beft  Method  for  taking  and  work- 
ing an  Obfervation,  contracted  into  four  Cafes  or 
Varieties,  which  anfwers  all  Places  in  the  World, 
and  at  all  Times  of  the  Year. 

Fourthly,  How  to  reckon  the  Tides,  by  a Me- 
thod fo  eafy,  that  you  may  thereby  find  the  Time 
of  High-Water,  at  any  known  Port  only  by  a 
Sight  of  the  Moon,  at  any  Time  of  the  Day  or 
Night,  illuftrated  by  a Diagram,  or  Figure,  in 
which,  indeed  to  have  been  exaft,  the  light  Part 
of  the  Moon’s  Body  fhould  have  been  determined 
by  Ellipfis’s,  and  not  by  Arches  of  Circles,  as  is 
evident  from  the  Analemma,  if  we  compare  the 
Pofition  of  the  Eye,  with  refpeCt  to  the  Moon, 
with  the  Pofition  of  the  Eye,  with  refpect  to  the 
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Orthographic  Projection ; but  I have  contented 
myfelf  with  thefe  circular  Divifions,  becaufe  they 
are  eafier  performed,  and  ferve  as  well  to  illuftrate 
the  Matter  for  which  they  are  projected. 

And  here  by  the  Way,  we  may  take  Notice  of 
one  Obfervation  with  RefpeClto  the  Tides,  though 
for  fome  Reafons  omitted  in  its  proper  Place,  viz. 
Whether  the  Moon  in  Perigeon,  by  Reafon  of  her 
nearnefs  to  the  Earth,  may  not  have  a greater  at- 
tractive Influence  upon  the  Water ; as  alfo  whe- 
ther a greater  Congrefs  of  Planets  about  the  Sun 
or  Moon,  at  the  New  or  Full  Moon,  may  not 
conduce  fomething  to  the  augmenting  the  Tides, 
by  contributing  their  (although  but  fmall)  At- 
traction, when  other  more  fubftantial  Reafons 
there  mentioned  do  concur ; and  this  I am  ra- 
ther induced  to  believe,  becaufe  the  Truth  here- 
of has  been  confirmed  to  us  by  an  Inftance  with- 
in the  Reach  of  our  own  Experience ; for  at  the 
New  Moon  in  September  1709,  there  was  fuch  a 
Confluence  of  natural  Caufes  of  the  Tide  : For 
firft,  the  Moon  was  then  with  the  Sun.  Second- 
ly, It  was  the  Lunation  next  after  the  Autumnal 
Equinox.  Thirdly,  the  Moon  was  at  or  near  her 
Perigeon.  Fourthly,  The  three  Planets  Mars, 
Venus  and  Mercury , were  all  within  lefs  than 
thirty  Degrees  of  the  Sun  and  Moon ; yea, 
fome  within  fifteen  Degrees,  and  Jupiter  was 
within  thirty-five  Degrees  of  the  Sun  and  Moon ; 
and  this  Lunation  was  attended  with  fuch  exube- 
rant Tides,  that  in  the  Low  Ground  in  Vorkjhire , 
over  againft  Stockton , where  the  Tide  never  comes 
but  in  the  very  high  Spring-Tides,  it  flowed  two 
or  three  feet  Water,  and  doubtlefs  at  other  Places 

it 
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it  was  proportionable,  which  feems  to  confirm 
the  Truth  of  this  more  than  probable  Conjefture, 
and  render  it  worthy  of  the  Obfervation  of  the 
Ingenious. 

Fifthly , How  to  make  your  own  Charts  for  any 
Voyage  feveral  Ways. 

Lajlly,  The  Application  of  the  Whole  to  the  ac- 
tual Keeping  of  a Reckoning,  both  in  Latitude 
and  Longitude,  failing  Large,  or  upon  a Wind ; 
and  how  to  make  all  proper  Allowances  for  Lee- 
Way,  Variation,  &c.  and  how  to  cor  reft  your 
Reckoning  by  an  Obfervation,  with  Reafons  and 
Demonftrations  of  the  different  Ways  of  doing 
it.  One  and  the  fame  Days  Work  in  the  Jour- 
nal, as  well  as  one  and  the  fame  Queftion  elfe- 
where  in  the  Book,  being  performedboth  by  the 
common  Method,  and  alfo  by  the  New  Method, 
that  the  Reader  may  fee  the  T ruth  and  Certainty 
thereof. 

With  Direftions  (hewing  how  to  project  and 
anlwer  the  various  Cafes  and  Queftions  relating 
to  Currents,  with  other  ufeful  Queftions,  and  a 
Method  for  finding  and  correcting  the  Longitude 
without  the  Help  of  the  Dead  Reckoning. 

And  that  the  Book  may  not  be  imperfect,  or 
inferior  to  any  of  its  Kind  and  Volume,  I have 
added  the  neceflary  Problems  in  Spherical  Geo?ne- 
try , with  the  twenty-eight  Cafes  of  Spherical  Tri- 
angles, and  the  Demonftration  of  the  Conclufions, 
by  which  feveral  of  the  Oblique  are  performed, 
deduced  from  the  Catholic  Propofitions  made  ufe 

of 
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of  in  the  fixteen  Cafes  of  Right-angled  Triangles : 
* I have  alfo  given  Directions  for  the  Solution  of 
Quadrantal  Triangles,  and  the  Application  of  the 
Whole  to  fo  much  Practical  Aftronomy,  as  is  ufe- 
ful  in  Navigation ; all  which  is  what  was  not  in 
the  former  Impreffions. 

And  although  here  are  Ways  propofed  for  an- 
fwering  all  neceflary  Cafes  in  Navigation  without 
Logarithms,  &c.  yet  to  make  the  Book  univerfal- 
ly  ufeful,  and  as  much  as  can  be  to  anfwer  the 
End  of  all  Buyers,  as  well  the  Learner  at  School, 
as  the  accomplilhed  Mathematician  in  his  Tri- 
gonometrical Operations,  I have  added  a correCt 
Table  of  Logarithms,  Sines,  and  Tangents,  and 
fome  other  ufeful  Tables,  which  concludes  the 
Whole.  Thus  defiring  a favourable  ConftruCtion 
to  be  put  upon  what  Faults  may  efcape  either 
the  Pen  or  the  Prefs ; I queftion  not  the  noble 
hearted  Sailor’s  Acceptance ; and  that  it  may  be 
a Benefit  to  the  Buyer,  a Help  to  the  Learner,  a 
fit  Companion  for  the  Mariner,  and  a Credit  to 
the  Author,  is  the  Defire  of, 


Yours  to  ferve  you, 

K 

Henry  Wilson. 
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CHAP.  I. 

Navigation 


SECT.  I. 

Geometrical  Problems. 

# 

PROB.  I.  From  a Point  given  in  the  Middle 
« to  ereR  a Perpendicular. 

I T H your  Compaflcs  opened  at  any  Ex  • 
tent,  and  one  Foot  in  the  given  Point  A, 
make  the  Marks  ‘b  and  c ; then 
with  any  greater  Extent,  and  one  Fig.  ,i. 
Foot  in  b , make  an  Arch,  as  at  d, 
and  with  the  fame  Extent,  and  one  Foot  in  c,  crofs  the 
faid  Arch  at  d\  then  from  the  crofling  of  the  faid  Arches 
to  the  Point  A,  draw  a Line,  it  is  the  Perpendicular 
required. 

m 

P R;0  B.  II.  From  a Point  given  above  a Line,  to  let  fall 
a Perpendicular. 

"With  your  Compafles  opened  at  any  Extent  (more 
than  the  neareft  Diftance  from  the  given  Point  to  the 
given  Line)  and  one  Foot  in  the  given  Point  A,  crofs 
the  given  Line  in  b and  c\  then  with  any  Diftance 
more  than  half  the  Diftance  between  b and  c,  and 

B on? 
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one  Foot  in  b draw  the  Arch  d , and  with 
Fig.  2.  the  fame  Extent,  and  one  Foot  in  c,  crofs  the 
faid  Arch  at  d , then  lay  a Scale  from  the  Point 
A to  the  croffing  of  the  Arches  at  d , fo  draw  the  Line 

AE,  which  is  the  perpendicular  required. 

. . ..  x 

PROB.  III.*  How  to  raife  a Perpendicular  upon  the  End 
of  a given  Line. 

With  your  Compafles  at  any  Extent,  and  one  Foot 
in  the  giv  en  Point  A,  make  a Mark  at  any 
Fig.  3.  convenient  Diftance  above  the  Line,  as  at  b\ 
then  keeping  one  Foot  in  the  Mark  b,  with 
the  fame  Extent  crofs  the  given  Line  at  c , and  turning 
your  Compafles  about,  make  the  Arch  d-,  then  lay  a 
Scale  from  the  Crofling  at  c to  the  Mark  at  b,  and 
make  a Mark  where  it  erodes  the  Arch  d fo  a Line 
drawn  from  that  Interle&ion  to  the  Point  A is  the 
Perpendicular  required. 

PROB.  IV.  How  to  let  fall  a Perpendicular  upon  the 
End  of  a given  Line,  from  any  given  Point  over  the  End 
of  the  faid  Line. 

Draw  a Line  from  the  given  Point  A to  interfedl  the 
given  Line  at  any  convenient  Diftance,  as  at  b , 
Fig.  4.  then  divide  the  Line  A b into  two  equal  Parts 
, at  t ; and  upon  c,  with  the  Extent  c A or  c b, 
crofs  the  given  Line  in  d ; then  a Line  drawn  from  the 
given  Point  A to  the  Interfeftion  at  d,  is  the  Perpen-  , 
dicular  required. 

P R O B.  V.  To  draw  a Line  parallel  to  another  Line  at 
any  given  Diftance. 

Take  in  your  Compafles  the  given  Diftance,  and  with 
one  Foot  in  the  given  Line,  towards  each  End 
Fig.  5.  of  it,  draw  the  two  little  Arches  a and  b\  a 
Line  drawn  from  the  Extremity  of  thefe 
Arches,  is  the  Parallel,  required, 

PROB. 
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P R O B.  VI.  To  bring  any  three  Points  ( not  fituate  in  a 
right  Line ) into  the  Circumference  of  a Circle. 

Suppofe  the  three  Points  be  A,  B,  C ; firft  take  more 
than  half  the  Diftance  A B,  and  with  one  Foot  in  A, 
fweep  an  Arch,  then  with  the  fame  Diftance,  and  one 
Foot  in  B,  draw  another  Arch  to  crofs  the . aforefaid 
Arch  in  the  Points  d and  e\  then  with  more  than  Half 
the  Diftance  BC,  and  one  Foot  in  B,  draw  the  Arch 
g h , and  with  the  fame  Diftance,  and  one  Foot 
in  C,  draw  an  Arch  to  crofs  the  aforefaid  Arch  Fig.  6. 
in  the  Points  g and  h\  then  draw  the  Lines 
a d e , and  a g h,  and  where  thefe  Lines  crofs,  as  at  a , is 
the  Center  of  the  Circle  required. 


SECT.  II. 

The  Conjlruilion  of  Sines , &c. 

EVERY  great  Circle  is  (fuppofed  to  be)  divided 
into  360  equal  Parts,  called  Degrees,  whereof  the 
Half,  or  Semicircle,  contains  1 80  Degrees,  and  the 
Quarter  or  Quadrant  is  90  Degrees,  and  upon  one 
Quadrant  is  projected  the  Sines,  Tangents,  &c. 

The  Radius  is  the  Semidiameter  of  a Circle,  upon 
which  the  Projection  is  made;  as  A K,  or  A 90,  or 
A S,  is  the  Radius  of  the  projected  Diagram,  and  is 
commonly  fuppofed  to  contain  10000  equal  Parts. 

A Sine  is  a Perpendicular  let  fall  from  the  given  De- 
gree to  the  Bafe  or  Semidiameter  of  the  Circle;  as  the 
Line  g 30,  is  the  Sine  of  30  Degrees,  and  the  Line  b 
80,  is  the  Sine  of  80  Degrees,  &V.  the  Sine  of  90  De- 
grees is  equal  to  the  Radius. 

A Tangent  or  Touch-line,  is  a Perpendicular  ereCted 
upon  the  End  of  the  Semidiameter,  juft  fo  as 
to  touch  the  Periphery  or  the  Circle : Thus  Fig.  7. 
the  Line  K r is  a Tangent  Line.  The  Tan- 
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gent  of  any  Degree  is  the  Diftance  from  the  Beginning 
or  Foot  of  the  Tangent  Line,  to  that  part  of  it  where 
the  Line,  drawn  from  the  Center  over  the  given  De- 
gree, cuts  the  Tangent  Line : Thus  the  Part  of  the 
Tangent  Line  k p is  the  Tangent  of  50  Degrees.  The 
Tangent  of  45  is  equal  to  the  Radius. 

A Secant  is  a Line  drawn  from  the  Center  through 
the  given  Degree  ’till  it  interfedt  the  Tangent  Line: 
Thus  the  Line  A p is  the  Secant  of  50  Degrees.  The 
Secants  begin  at  the  Radius,  and  proceed  to  Infinite. 
The  Secant  of  o Degrees  being  equal  to  the  Ra- 
dius. 

A Chord  is  the  neared  didance  in  a drait  Line  be- 
tween any  quantity  of  Degrees  •,  or  from  o Degrees  to 
the  Degree  whofe  Chord  is  required : Thus  the  Line 
S.  90  is  a Line  of  Chords,  and  the  Didance  S.  upon 
that  Line  is  the  Chord  of  30  Degrees,  &V.  the  Chord 
of  60  Degrees  is  equal  to  the  Radius ; and  hence  it  is, 
that  the  Chord  of  60,  commonly  called  the  Sweep  of  60, 
is  generally  taken  in  the  Compafles  to  draw  any  Great 
Circle,  or  Arch  of  a Circle,  whofe  quantity  in  Degrees 
is  to  be  meafured. 

The  Sine-Complement  of  any  Arch,  is  the  Sine  of 
the  Complement  of  that  Arch  to  90:  Thus  the  Sine- 
complement  of  30  Degrees  is  the  Sine  of  60,  and  the 
Sine-complement  of  70  is  the  Sine  of  20,  &c.  And 
in  the  Diagram  the  Line  W 40  (equal  to  the  Didance 
A / upon  the  Bafe)  is  the  Sine-complement  of  40  De- 
grees, and  fo  in  others. 

A verfed  Sine  is  a Segment  of  the  Bafe,  contained 
between  the . Sine  of  the  Degree  and  the  End  of  the 
Bafe  where  the  Tangent  Line  begins;  thus  the  Seg- 
ment of  the  Bafe  e K is  the  verfed  Sine  of  50,  CsV 

From  this  Projection  is  reduced  the  following  Axioms 
for  the  Solution  of  all  the  Cafes  in  Plane  Trigonome- 
try : and  which  (if  well  underdood)  are  the  Ground  qf 
H the  whole  Art  of  Navigation,  fo  far  as  it  depends  upon 
Triangles,  and  is  folved  by  a Canon;  which  I fball 
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firft  (hew  in  the  following  Cafes,  and  then  proceed  to 
(hew  how  it  may  be  done  without. 

AXIOM  I. 

In  all  right-angled  Plane  Triangles,  if  one  Side  be 
made  Radius,  the  other  Sides  will  be  Sines,  Sine-com- 
plements, Tangents  or  Secants,  as  is  evident  from  the 
Diagram ; for, 

Suppofe  in  the  Diagram  the  T riangle  A p K -,  here 
the  Side  A K the  Radius,  and  the  Angle  at  A being  50 
Degrees,  the  Side^K  is  the  Tangent  of  50,  and  the 
Hypotenufe  A p is  the  Secant  of  50 ; and  what  Pro- 
portion the  Radius  hath  to  the  Side  A K,  the  fame  Pro- 
portion hath  the  Tangent  of  50  to  the  Side  K />,  and 
the  fame  Proportion  hath  the  Secant  to  the  Hypotenufe 

Again,  if  you  will  make  the  Hypotenufe  Radius,  and 
fuppofe  the  Angle  at  A be  40  Degrees ; then  in  the 
Diagram  it  is  reprefented  by  the  Triangle  A / 40,  and 
then  the  Side / 40  is  the  Sine  of  the  Angle  at  A,  and. 
the  Side  A / equal  to  W 40  is  the  Sine- complement  of 
the  Angle  at  A,  and  then  what  Proportion  the  Hypo- 
tenufe hath  to  the  Radius,  the  fame  Proportion  will 
the  Side  40  / have  to  the  Sine  of  40,  and  the  fame  Pro-  • 
portion  will  the  Side  A / have  to  the  Sine-complement 
of  40,  &V.  and  from  this  Proportion  proceeds  the  fe- 
cond  Axiom. 


AXIOM  II. 

In  all  Plane  Triangles  the  Sides  are  proportional  to 
the  Sines  of  their  oppofite  Angles,  and  the  contrary  \ as 
in  the  Diagram  in  the  Triangle  above-mentioned,  A / 
40,  it  is  demonftrated.  As  the  Radius  or  Sine  of  90,  is 
to  the  Hypotenufe,  or  Side  oppofite  * fo  is  the  Sine  of 
40,  to  the  Side  oppofite  to  the  Angle  at  A,  &V. 

This  Proportion  commonly  called  Oppofite  Sides  and 
Oppofite  Angles,  holds  true  alfo  in  Oblique  Plane  Tri- 
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angles ; only  obferve,  that  where  you  have  an  Obtufe 
Angle,  viz.  more  than  90  Degrees,  the  Sine  of  it  is 
found  by  fubtra&ing  the  Obtufe  Angle  from  180  De- 
grees, the  Sine  of  the  Remainder  is  the  Sine  of  the 
Obtufe  Angle  required. 

AXIOM  III. 

In  all  Triangles,  as  the'  Sum  of  the  Legs  containing 
any  Angle  is  to  their  Difference,  fo  is  the  Tangent  of 
half  the  Sum  of  the  other  two  Angles,  to  the  Tangent 
of  half  their  Difference ; and  therefore. 

When  there  are  given  two  Sides,  and  an  Angle  in- 
cluded, to  find  the  other  Angles,  the  Proportion  is. 

As  the  Sum  of  the  Sides  is  to  the  Difference  of  the 
Sides,  fo  is  the  Tangent  of  half  the  Sum  of  the  un- 
known Angles,  to  the  Tangent  of  half  their  Difference; 
which  half  Difference  added  to  the  half  Sum,  is  the 
greater  Angle,  and  fubtrafted  leaves  the  leffer. 

AXI.OM  IV. 

In  all  Triangles,  as  the  Bafe  or  greater  Side,  to  the 
Sum  of  the  other  two  Sides ; fo  is  the  Difference  of  the 
Sides,  to  the  Difference  of  the  Segments  of  the  Bafe, 
which  Difference  fubtrafted  from  the  whole  Bafe,  the 
Perpendicular  falls  in  the  Middle  of  the  Remainder; 
and  fo  the  Oblique  Triangle  is  reduced  to  the  Right- 
angled  ones,  and  may  be  wrought  after  the  fame  Manner. 

By  thefe  Axioms  are  all  the  following  Cafes  of  Plane 
Triangles  folved;  in  wnich  obferve.  In  Right-angled 
Triangles,  the  two  Sides  including  the  Right-angle  are 
called  Legs  or  Sides,  or  fometimes  Bafe  and  Perpendi* 
cular;  and  the  Hope  Line  is  called  the  Hypotenufe,  &c. 


SECT. 
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SECT.  III. 

< 

Plain  Trigonometry  Geometrical. 

Plane  Trigonometry  Right-angled. 

CASE.  I.  The  Hypotenufe,  and  one  acute  Angle  being 
given  ( confequently  both)  to  find  cither  Leg. 

TSote,  IN  all  Plane  Triangles,  the  three  Angles  make 
X up  1 80  Degrees,  therefore  in  all  Right-angled 
Triangles,  becaufe  the  Right-angle  is  always  90,  the 
Sum  of  the  other  two  Angles  is  all'o  90,  anu  therefore 
fubtradt  the  acute  Angle  given  from  90,  the  Remain- 
der is  the  other  acute  Angle 

Given  Hypotenufe  AC  550 

The  Angle  at A 3 5d  00m.  Fig.  8. 

Required  the  Leg  AB. 

And  the  Leg.BC.. 

1.  In  this,  and  all  other  Cafes,  draw  the  Bafc  AB  at 
Pleafure. 

2.  With  the  Chord  of  60,  and  one  Foot  in  A,  fweep 
the  Arch  d e. 

3.  With  the  Chord  of  the  given  Angle  35,  and  one 
Foot  in  d,  with  the  other  Foot  crofs  the  Arch  at  e. 

4.  From  A through  e , draw  the  Line  AC,  upon 
which  fet  off  the  Hypotenufe  550  from  A to  C. 

5.  From  C let  fall  the  Perpendicular  upon  the  Line 
AB  to  cut  it  in  B,  and  *tis  done. 

The  Leg  AB  meafured  on  the  fame  equal  Parts  from 
which  the  Hypotenufe  was  taken,  will  be  found  to  be 
450' 5>  viz.  450  and  an  half,  and  the  Leg  BC  is  3 1 5.5. 

CASE  II.  Given  the  Angles  and  a Leg  to  find  the  Hypotenufe  t 

Given  the  Angle  A 33d.  45m. 

the  Leg  AB 459  Fig.  9. 

Required  the  Hypotenufe  AC. 

B 4 1.  Draw 
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1.  Draw  AB  449. 

2.  With  the  Sweep  of  60,  and  one  Foot  in  A,  draw 
the  Arch  d e. 

3.  With  the  Chord  of  the  given  Angle,  and  one 
Foot  in  d,  fet  off  the  given  Angle  33d-  45m.  from  d to  e. 

4.  From  B eredl  a Perpendicular  BC. 

5.  Through  A and  e draw  the  Hypotenufe  AC,  til! 
it  crofs  BC,  and  ’tis  done. 

The  Hypotenufe  AC  meafured  on  the  Scale  of  equal 
Parts  will  be  found  to  be  540. 

CASE  III.  Given  the  Angles  and  Leg , to  find  another  Leg . 
Given  the  Angle  A - - 33d.  45m. 

the  Leg  AB  — - 449d. 

Required  the  Leg  BC. 

, This  is  laid  down  as  Cafe  II.  the  fame  Things  being 
given,  and  the  required  Leg  BC  being  meafured,  will 
be  found  to  be  300. 

CASE  IV.  Given  the  Hypotenufe  and  the  Leg  to  find  an  Angle. 

Given  the  Hypoteneufe  AC  540 

Fig.  jo.  the  Leg  AB 449 

Required  the  Angle  at  A. 

1.  Draw  AB  at  Pleafure. 

2.  Upon  AB  fet  off  the  given  Leg  449,  from  A to  B. 

3.  From  B ere&  a Perpendicular. 

4.  With  the  Hypotenufe  540,  and  one  Foot  in  A 
crofs  the  Perpendicular  BC  in  C. 

5.  From  the  faid  eroding  to  A draw  the  Line  CA. 

6.  With  the  Sweep  of  60,  and  one  Foot  in  A,  draw 
the  Arch  d e , and  ’tis  done. 

The  Arch  d e meafured  on  the  Chords  gives  33d.  45m. 
the  Angle  required. 

CASE  V.  Given  the  Hypotenufe  and  a Leg , to  find 

other  Leg. 

Given  the  Hypotenufe  AC  540 
• - . the  Leg  AB  — — 449  • 

Required  the  Leg  BC  The 
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The  laying  down  of  this  is  the  fame  as  the  former, 
be«aufe  the  fame  Things  are  given ; and  the  Leg  BC 
meafured  on  the  fame  equal  Parts  from  whence  the 
given  Parts  are  laid  down,  will  be  found  to  be  300. 

CASE  VI.  The  Legs  given,  to  find  the  Angle. 

Given  the  Leg  AB  449 

the  Leg  BC 300  Fig.  11. 

Required  the  Angles. 

1.  Draw  AB  449. 

2.  Upon  B ereft  the  Perpendicular  BC,  and  there- 
upon fet  off  300  from  B to  C. 

3.  Draw  the  Hypotenul'e  AC.. 

4.  With  the  fweep  of  60,  and  one  Foot  in  A,  draw 
the  Arch  d e , and  *tis  done. 

The  Arch  d e meafured  on  the  Chords  gives  33d. 
45m.  the  Angle  required. 

CASE  VII.  The  Legs  given , to  find  the  Hypotenufe. 

Given  the  Leg  AB  449 

the  Leg  BC  — - 300 

Required  the  Hypotenufe  AC. 

* 

This  is  laid  down  as  Cafe  VI.  and  the  Hypotenufe 
AC  meafured  on  the  fame  Scale  of  equal  Parts  is  540. 

Note  *,  Thefe  f even  Cafes  may  be  reduced  to  four , for 
making  the  firft  Cafe  as  above  to  be  the  fir  ft  Cafe ; the  fe- 
cond  and  third  having  both  the  fame  Things  given  may  be 
called  the  fecond,  and  for  the  fame  Reafon , the  fourth  and 
fifth  may  be  comprifed  in  one,  and  called  the  third ; and  the 
Jixth  and  feventh  having  alfo  the  fame  Things  given,  may 
then  be  called  the  fourth  Cafe,  and  at  this  Rate  the  feven 
Cafes  are  comprehended  in  four , becaufe  four  Times  laying 
down  includes  all  the  Varieties  of  Right-angled  Plane  Tri- 
angles. , 

SECT. 
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S E C T.  IV. 

Of  Oblique  Plane  Triangles. 

C A S E I.  Two  Angles  and  a Side  oppofite  to  one  of  them 
given , to  find  the  Side  oppofite  to  the  other. 

Given  the  Angle  at  A 3od.  om. 

Fig.  1 a.  the  Angld  at  B 45d.  om. 

the  Side  BC  — — 290  ;• 

Required  the  Side  AC. 

1.  Draw  AB  at  Pleafure. 

2 . With  the  Chord  of  60,  and  one  Foot  in  B (the 
Angle  next  the  given  Side)  draw  the  Arch  d e. 

3°  Upon  that  Arch  let  off  the  Chord  of  the  given 
Angle  45,  from  d to  e. 

4.  From  B through  e draw  the  Line  BC,  and  upon 
it  fet  off  the  given  Side  290  from  B to  C. 

5.  The  Angles  A and  B being  given,  the  Angle  C 
is  alfo  known,  being  the  Supplement  of  the  other  two 
Angles  to  180,  and  will  be  found  to  be  103d.  and 
therefore  with  60  off  the  Chords,  and  one  hoot  in  C, 
iweep  the  Arch  F^,  upon  which  fet  off  io5d.  from  F 
to  and  through  g draw  the  Line  CA  to  cut  AB  in  Aj 

and  ’tis  done.  , * . 

The  Side  AC  meafured  on  the  fame  equal  Parts  is 
410,  the  Side  required. 

Afo/a-,When  you  have  any  Chord  above  90  to  fet  off, you 
muft  do  it  at  twice,  becaufe  the  Chords  go  but  to  90,  fc? c. 

CASE  II.  Two  Sides  and  an  Angle  oppofite  to  one  <f 
them  given , to  find  the  Angle  oppofite  to  the  other.  , 

Given  the  Side  AB  ■ 560 

Fig.  1 2.  - the  Side  AC  41° 

: the  Angle  at  B 45d-  om* 

Required  the  Angle  at  C. 

1 . Draw  AB  560.  , T • nr 

2.  Make  the  Angle  B 4 5>  and  draw  the  Lme 

3 * 
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3.  With  the  Side  AC  410,  and  one  Foot  in  A,  crofs 
the  Line  BC  in  C,  and  draw  the  Line  AC,  and  ’tis  done. 

The  Angle  at  C meafured  on  the  Sweep  d e,  gives 
lOfd.  the  Angle  at  C required. 

Note-,  This  Cafe  is  ambiguous,  and  will  admit  of  two 
Anfwers  j fo  that  it  is  necefiary  that  it  be  known  whe- 
ther the  Angle  at  C be  acute  (that  is,  lefs  than  90)  or 
obtufe  (that  is,  more  than  90)  for  if  it  be  obtule,  the 
Angle  marked  C is  the  Angle  required  v but  if  acute, 
the  Angle  at  O is  it;  for  the  Side  AC  410  taken  in  the 
Compafles,  and  one  Foot  in  A will  crofs  the  Line  BC 
(continued)  both  in  C and  O,  G?c. 

• * ; 

CASE  III.  Given  as  in  Cafe  II.  to  find  the  third  Side. 

The  laying  down  is  the  fame  as  in  Cafe  II.  becaufe 
the  fame  Things  are  given  ; and  the  Side  BC  meafured 
on  the  equal  Parts  is  290,  if  the  Angle  be  obtufe  ; or 
503,  if  it  be  acute. 

CASE  IV.  Two  Sides  and  an  Angle  between  them  given, 
to  find  either  of  the  other  Angles. 

Given  the  Side  AC  410  Fig.  14. 

the  Side  AB  — 560 

the  Angle  at  A — — god.  om. 
Required  the  Angle  B. 

1.  Draw  AB  560  from  A to  B. 

2.  Make  the  Angle  A 3od.  om. 

3.  Draw  AC  410  from  A toC. 

4.  From  C to  B draw  the  Side  CB,  and  ’tis  done. 

The  Angle  B meafured  on  the  Chords  is  43d.  om.  * 

CASE  V.  Given  two  Sides  and  the  Angle  between  them , 
to  find  the  third  Side. 

Given  the  Side  AC  - ■ ■ 410 

. . the  Side  AB  560 

the  Angle  A ■ ■ ■ ■ . 3od. 

Required  the  Side  BC. 

Lay  down  as  in  Cafe  IV.  and  the  Side  BC  meafured  is  290. 

CASE 
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CASE  VI.  Three  Sides  given  to  find  an  Angle. 

Given  the  Side  AB ■ 560 

Fig.  1 5.  the  Side  AC  4 1 o 

the  Side  BC  290 

Required  the  Angle  at  A. 

1.  Draw  AB  560  from  A to  B. 

2.  Take  the  Side  AC  410  in  your  Compaffes,  and 
with  one  Foot  in  A,  draw  an  Arch  at  C. 

3.  With  the  Side  BC  290  in  your  Compaffes,  and 
one  Foot  in  B,  crofs  the  Arch  at  C. 

4.  From  the  crofting  of  the  faid  Arches  to  A and  B, 
draw  CA  and  CB,  and  *tis  done. 

The  Angle  at  A meafured  on  the  Chords  is'  3od.  00m. 


SECT.  V. 

» t %■  » - 

Plane  Sailing  Geometrical. 

IN  laying  down  all  the  Cafes  of  Plane  Sailing*  Tra- 
verfe,  Mercator,  Cfr.  obferve.to  make  the  Top  of 
the  Book  or  Slate  North,  and  the  Bottom  South ; the 
Rio-ht-hand  Eaft,  and  the  Left-hand  Weft,  &c. 

Obferve  that  in  the  Application  of  Right-angled  Tri- 
angles, to  Queftions  in  Plane  Sailing,  the  Courfe  is  al- 
ways the  Angle  at  the  Bafe:  The  Diftance  is  the  Hy- 
potenufe  : The  Difference  of  Latitude  is  the  North  and 
South  Line-,  and  the  Departure  is  the  Eaft  and  Weft 

Line  of  the  Triangle  . , ' ' 

Thus  in  the  four  Triangles,  Fig.  16,  N 1,  repre- 
ients  a Courfe  in  the  N.  E.  Quarter  j N°  2, 
Fir.  1 6.  a Courfe  in  the  S.  E.  Quarter  •,  N°  3,  a 
A Courfe  in  the  S.  W.  Quarter  •,  N°  4,  a Courfe 
in  the  N,  W.  Quarter:  And  in  each  of  thefe  Triangles 
the  Point  A reprefents  the  Place  failed  from,  and  the 
Point  C the  Place  failed  to : And  the  Angle  at  A is  the 
Courfe,  the  Angle  at  C its  Complement,  the  Hypote- 
nufe  AC,  the  Diftance,  the  Leg  AB  the  Difference  of 
Latitude,  and  the  Leg  BC  the  Departure,  &c 

L A O Li 
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CASE  I.  Courfe  and  Diftance  given , to  find  the  Differ - 
ence  of  Latitude  and  Departure. 

A Ship  fails  S.  W.  by  S.  540  Miles,  I demand  the 
Difference  of  Latitude  and  Departure. 

1.  In  this  and  all  other  Cafes  of  Plane  Sailing,  draw 
the  North  and  South  Line  AB. 

2.  The  Courfe  being  three  Points  from  the 
Meridian,  viz.  33d.  45m.  make  the  Angle  at  Fig.  17. 
A 33d.  45m.  from  d to  e. 

3.  Thro’  e draw  the  Hypotenufe  (or  Diftance)  AC 
540  from  A to  C. 

4.  From  C let  fall  a Perpendicular  CB  to  cut  AB  in 

B,  and  ’tis  done.  • 

The  Difference  of  Latitude  AB  meafured  is  445, 
and  the  Departure  BC  is  300,  l£c. 

CASE  II.  Courfe  and  Difference  of  Latitude  given , 
find  the  Diftance  and  Departure. 


A Ship  fails  S.  W.  by  S.  till  her  Difference  of  Lati- 
tude be  449,  I demand  her  Diftance  and  Departure. 

1.  Make  AB  the  Difference  of  Latitude  449,  r--  „ 

from  A to  B.  **  ,8‘ 

2.  Upon  B ere<5t  the  Perpendicular  BC  at  PJeafure. 

3.  Set  off  the  Courfe  33d.  45m.  and  draw  the  Hy- 
potenufe AC  to  cut  BC  in  C,  and  'tis  done. 

The  Diftance  A C meafured  will  be  found  to  be  540, 
and  the  Departure  BC  meafured  is  300  Miles. 


CASE  III.  Courfe  and  Departure  given , to  find  the  Di- 
ftance and  Difference  of  Latitude. 

A Ship  fails  N.  E.  by  N.  till  her  Departure  be  300 
Miles,  her  Diftance  and  Difference  of  Latitude  is  required. 

1.  Draw  AB  at  Pleafure. 

2.  At  the  Diftance  300  the  Departure  given. 
Fig.  19.  draw  the  parallel  Line  d e. 

3.  With  the  Angle  of  the  Courfe  33d. 
45m,  draw  the  Hypotenuie  AD,  to  cut  the  Parallel  in  C. 

4.  From 
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. _ 4-  From  the  croffing  at  C,  let  fall  the  Perpendicular 
CB,  to  cut  AB  in  B,  and  ’tis  done. 

Another  Way  to  lay  it  down. 

1.  Draw  AB  atPIeafure. 

2.  Upon  the  North  End  thereof  (becaufe  the  Ship 

failS  to  the  Northward)  ered  a Perpendicular  BC,  upon 
which  let  off  the  Departure  300  ^ 

3.  Make  the  Angle  at  C «6d.  t5m.  ,he  Complement 

St^td^  tb'  H^*CA,Pto  cut 

The  Diftance  AC  is  540. 

• The  Difference  of  Latitude  AB  is  449. 

CASE  IV.  Diftance  and  Difference  of  Latitude  given, 
to  find  tbtCoutfe  and  Departure. 

A Ship  fails  in  the  S.  E.  Quarter  540  Miles  and  then 

^a“™^  ^ £ * Co^etd 

S'  and'  TfC  thePi,lln“  “ ^ur  Compaq; 
cular  at  BC  C °"e  F°M  m A crofs  the  ^pendi- 
3-  From  the  croffing  C to  A draw  AC. 

done.  ^ Ch°rd  °f  60  make  ^ Arch  d and  ’tis 
The  Arch  d e meafured  on  the  Rhumbs  is  three 

P°'Tr.S’  r\  °n  the  Chords  is  33d-  45m. 

I he  Departure  BC  is  300. 

CASE  V.  Diftance  and  Departure  given , to  find  the 
Courfe  and  Difference  of  Latitude. 

A Ship  fails  between  the  N.  and  W.  540  Miles,  her 
5ESST  300  ‘ ^ demand  her  Courfe  ^and  Difference 

1.  Draw  AB  at  Plealure. 

2.  Af 
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2.  At  B eredt  the  Perpendicular  BC,  and  fet 

off  the  Departure  300  from  B to  C.  Fig . 21. 

3.  With  the  Diftance  540  in  your  Compaf- 
fes,  and  one  Foot  in  C,  crofs  the  Line  AB  in  A. 

4.  From  C to  the  Croffing  at  A draw  AC. 

5.  With  the  Chord  of  60,  and  one  Foot  in  A,  make 
the  Arch  d e,  and  ’tis  done. 

AB  the  Difference  of  Latitude  is  449,  and  the  Courfe 
de  is  three  Points,  or  33d.  45m. 

CASE  VI.  Difference  of  Latitude  and  Departure  given, 
to  find  the  Courfe  and  Difiance. 

A Ship  fails  in  the  S.  W.  Quarter,  till  her  Difference 
of  Latitude  be  449,  and  her  Departute  300;  her 
Courfe  and  Diftance  is  required. 

1 . Draw  the  Difference  of  Latitude  AB  449,  from  A 
to  B. 

2.  Upon  B eredt  the  Perpendicular  BC,upon 

which  fet  off  the  Departure  300,  from  B to  C.  Fig.  2 2. 

3.  From  A to  C draw  the  Hypotenufe  AC. 

4.  With  the  Chord  of  60,  make  the  Arch  d e,  and 
*tis  done. 

The  Diftance  AC  is  540,  and  the  Angle  at  A,  the 
Courfe  three  Points,  or  33d.  45m. 


, SECT  VI. 

ffraverfe  Sailing  Geometrical. 

TRaverfe  Sailing  is  of  Ufe,  when  a Ship  having  fet 
fail  from  one  Port  intending  for  another,  whofe 
Courfe  and  Diftance  from  the  Port  failed  from,  is  given 
or  known  •,  but  by  Reafon  of  contrary  Winds,  or  other 
.Accidents  is  forced  to  fail  upon  feveral  Courfes,  which 
are  required  to  be  brought  into  one  Courfe,  to  know 
thereby  (after  fo  many  various  Turnings  and  Windings) 
the  true  Coy rfe  and  Diftance  made  good  from  the  Place 
failed  from,  and  the  true  Point  or  Place  where  the  Ship 
.is,  (that  fo  the  Wind  coming  fair)  it  may  be  known 

how 
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how  to  fhape  a Courfe  for  the  Place  intended  ; and  this, 
which  is  the  chief  Subjeft  of  Traverfe  Sailing,  may  be 
performed  Geometrically  two  Ways,  both  which  I (hall 
briefly  lay  down. 

The  firft  is  performed  by  drawing  new  Meridians 
through  the  Extremity  of  every  Courfe,  parallel  to  the 
firft  Meridian,  or  North  and  South  Line,  that  you 
make  at  the  firft,  and  fo  fet  off  every  Courfe  with  a 
Sweep  of  60,  as  if  it  were  a Queftion  of  Plane  Sailing. 
You  may  alio  let  fall  Perpendiculars  to  every  new  Me- 
ridian from  the  Point  that  the  Ship  failed  to  upon  that 
Courfe,  and  fo  you  have  the  Courfe,  Diftance,  Difference 
of  Latitude  and  Departure,  to  every  Courfe  j and  this 
Method  is  very  ufeful  where  the  Courfes  tend  generally 
all  one  Way,  without  interfering  one  another.  But  if 
your  Courfes  frequently  crofs  one  another,  ’tis  beft  to 
lay  them  down  without  new  Meridians,  viz.  to  fet  off 
one  Courfe  by  another ; for  which  Mr.  Atkinfon  in  his 
Epitome  laid  down  four  Rules ; but  they  being  fo  bur- 
thenfome  to  the  Memory  of  young  Learners,  I fhall 
not  fo  much  as  name  them ; but  fhall  lay  down  one 
Rule  which  is  univerfally  ufeful  in  all  Cafes,  and  eafily 
remembered,  and  ’tis  this ; 

Obferve  how  many  Points  are  between  the  Point  next 
to  be  laid  down,  and  the  Point  oppofite  to  the  Courfe 
laft  laid  down,  for  that  is  the  Point  for  laying  down ; 
therefore  with  the  Chord  of  60,  and  one  Foot  in  the 
Point  the  Ship  is  laft  come  to,  deferibe  an  Arch ; upon 
which  fet  off  the  Points  found  by  the  abovefaid  Rule, 
and  through  that  draw  the  Line  for  the  next  Courfe,  fcfr. 

I fhall  explain  both  Ways  by  Example  * and  firft. 

How  to  lay  down  a Traverfe  by  new  Meridians. 

A Ship  bound  for  a Port  diftant  1 20  Miles  N.  E.  4 E. 
fails  S.  S.  E.  30  Miles,  then  N.  E.  by  N.  40,  then  E. 
by  N.  2 5,  then  N.  N.  E.  44  j I demand  the  Courfe  and 
Diftance  made  good,  and  alfo  the  Courfe  and  Diftance 
to  the  Pert  bound  for. 

. -■  . V Firft, 
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Firjii  Draw  the  Line  K H at  pleafure,  for  a Meridian, 
or  North  or  South  Line;  and  therein  affume  a Point, 
as  at  A,  for  the  Port  failed  from;  then  with  60  from 
the  Chords,  and  one  Foot  in  A,  draw  the  Arch  L m , 
upon  which  fet  off  two  Points,  (becaufe  the  Courfe  rs 
' S.S.E.)from  L to  m , and  draw  the  Line  A m , upon 
which  fet  off  the  Diftance  30  from  A to  B,  then  is  your 
Ship  at  B;  then  let  fall  the  Perpendicular  BK,  then  is 
AK,  27.7.  the  Difference  of  Latitude,  and  BK,  11.5 

the  Departure  for  the  firft  Courfe Then  for  the 

fecond  Courfe,  with  the  Diftance  KB  draw  the  Parallel 
BN,  and  thereby,  with  the  Chord  of  60,  as  before,  fet 
off  the  fecond  Courfe  and  Diftance  N E.  by  N.  40, 
from  B to  C,  and  let  fall  the  Perpendicular  CL,  then 
is  your  Ship  at  C ; the  Difference  of  Latitude  upon  that 

Courfe  is  BL  33.3,  and  the  Departure  CL  22.2  : 

Then  proceed  in  the  fame  Manner  for  the  third  Courfe  ; 
with  the  Parallel  CO,  fet  off  E.  by  N.  25,  from  C to  D, 
and  draw  the  Line  D P,  (from  which  fet  off  the  laft 
Courfe,  N.N.E.)  44.  then  is  your  Ship  at  E.  Now  fee- 
ing the  Ship  came  from  A,  and  is  now  at  E,  the  Line 
AE  meafured  on  the  fame  equal  Parts,  upon  which  all 
the  other  Diftances  were  taken,  will  be  found  to  be  9 x 
Miles,  and  the  Archr  R Qjneafured  on  the  Rhumbs  is 
five  Points,  viz.  N.E.  by  E.  fo  that  the  Ship  is  now  91 
Miles,  N.E.  by  E.  from  the  Port  failed  from. 

Now  to  find  her  Courfe  and  Diftance  to  the  Port 
bound  for,  fet  off  four  Points  and  a Half  upon  the 
Arch  RQ,  from  R to  S,  and  from  A thro*  S.  draw  the 
Line  ASF;  upon  which  fet  off  120  (the  Diftance  from 
the  Port  failed  from  to  the  Port  bound  for)  from  A to 
F,  then  is  F the  Port  bound  for;  now  the  Port  bound 
for  being  at  F,  and  the  Ship  being  but  at  E,  therefore 
the  Line  EF  meafured  on  the  fame  equal  Parts 
that  the  reft  were  taken  from,  will  be  found  Fig.  23. 
to  be  31,  and  the  Arch  TV  meafured  on  the 
Chords  is  s^d.  12m.  or  N.E.  by  N.  lomewhat  Eafter- 
ly,  Gfc 

C How 
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IIow  to  ley  down  a Traverfe  without  new  Meridians. 

Fuji , Draw  a North  and  South  Line,  as  in  the  for- 
mer, as  the  Line  RM  •,  in  which  aflume  a Point,  as  at 
A,  for  the  Port  fail'd  from*,  then  from  A fet  off  the  firft 
Courle  and  Diftance,  viz.  N.N.W.  68,  from  A to  B *, 
then  for  the  fecond  Courle,  with  the  Chord  of  60,  and 
one  Foot  in  B,  draw  the  Arch  TW,  upon  which,  for 
fetting  off  the  next  Courfe  S S.W.  70,  obferve  the  Rule 
at  the  Beginning  of  Traverfe  Sailing  Geometrical,  viz. 
Take  the  Number  of  Points  between  the  Point  oppofite 
to  the  laft  Courfe  fail’d,  and  the  Point  you  are  next  to 
fail.  The  Realon  of  this  Rule  is  this : If  from  A to  B 
your  Courfe  be  N.N.W  then  back  from  B to  A muft 
needs  be  S.S.E  (the  oppofite  Point)  and  then  if  you 
were  to  fail  S.  by  E.  it  muft  be  one  Point  to  the  South- 
ward of  that  S.S.E.  Line ; if  South  it  is  two  Points, 
and  confequently  my  next  Courfe  being  S.S.W.  I fet 
off  four  Points  from  T to  W,  and  through  W draw  the 
Line  BC,  which  is  as  a S.S.W.  Line,  upon  which  fet  off 
70  Miles  from  B to  C,  and  then  is  your  Ship  at  C: 
Then  for  the  third  Courfe,  if  from  B to  C be  S.S.W. 
then  from  C to  B is  N.N.E.  but  my  next  Courfe  being 
E.  half  N.  the  Points  between  N.N.E.  and  E.  half  N. 
are  five  Points  and  a half;  therefore,  with  the  Chord  of 
60,  and  one  Foot  in  C,  draw  the  Arch  x y,  upon  which 
let  off  five  Points  and  an  half  from  x to  y , and  thro’  y 
draw  the  Line  CD,  upon  which  fet  off  90  Miles  from 
C to  D,  then  is  your  Ship  at  D ; after  the  fame  Manner 
lay  down  all  the  reft  as  DE  W N.  W.  half  N.  70 ; then 
EF  South  25;  then  FG,  E.  half  S.  45;  then  laftly, 
GFI  South  30,  which  is  the  laft  Courfe : Then  your 
Ship  being  at  H,  and  the  Port  failed  from  at  A,  the 
Line  AH  28  Miles  is  the  Diftance  made  good,  and  the 
Angle  at  A is  four  Points,  viz.  S.E.  but  the  Port  in- 
tended for  being  S.W.  55.  I fet  it  off  from  A to  K,  but 
the  Ship  being  at  H the  Line  HK  62  Miles  is  the  Di- 
ftance from  the  Ship  to  {he  Port  bound  for,  and  the 

Courfe 
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Courfe  is  found  by  meafuring  the  Angle  at  H 7 id. 
48m.  or  VV.S.W.  more  than  one  Quarter  Wefterly. 

‘The  Quejlion.  A Ship  at  A bound  for  a Port  at  K, 
which  bears  S.W.  from  A diftant  55  Leagues 
but  meeting  with  contrary  Winds,  lhe  fails  N.  Fig.  24. 
N.W.  68  Leagues,  then  S.S.W.  70  Leagues 
then  E.  half  N.  90  Leagues,  then  W.N.W.  half  N-  70 
Leagues,  then  S.  25  Leagues,  then  E.  half  S.  45 
Leagues,  then  South  30  Leagues*,  I demand  the  Courie 
and  Diftance  made  good,  and  Courfe  and  Diltance  to 
the  Port  bound  for. 

t 

t 

How  to  tranfcribe  a Fraverfe,  or  any  other  right-lined  Figure 

from  the  Slate  to  a Book , or  from  one  Book  to  another. 

In  the  firft  Line  RM  make  two  or  three  Marks,  as 
at  R,  A and  M;  then  in  the  Book  into  which 
you  would  lay  down,  draw  alfo  the  fame  Line,  Fig.  25. 
and  take  the  Diftance  RA,  and  fet  from  R to 
A in  the  new  Draught*,  likewife  fet  the  Diftance  AM 
from  A to  M;  then  for  laying  down  the  Courfes ; as 
firft,  from  A to  B,  with  the  Diftance  AB  in  the  old 
Draught,  and  one  Foot  in  A in  the  new  Draught,  make 
an  Arch  at  B;  then  with  the  Diftance  MB  in  the  old 
Draught,  and  one  Foot  in  M in  the  new  Draught, 
crofs  the  former  Arch  at  B ; then  from  A,  and  the 
crofting  of  thefe  Arches,  draw  the  Line  ABj  then  for 
the  Line  BC,  with  the  Diftance  RC,  and  one  Foot  in 
R,  draw  a fmall  Arch,  and  with  the  Diftance  BC,  and 
one  Foot  in  B,  (or  with  the  Diftance  MC,  and  one 
Foot  in  M)  draw  an  Arch  to  crofs  the  former  in  C, 
then  from  B to  that  crofting  draw  the  Line  BC,  and  lb 
in  the  Reft  of  the  Courfes.  And  note,  you  need  not 
regard  what  two  Points  you  take  in  the  whole  Draught 
for  the  fixed  Point  of  your  Compafles,  provided  you 
take  the  fame  Points  in  the  new  Draught,  only  obferve 
to  take  two  Points,  fo  as  that  the  Arches  may  fairiy  crofs 
one  another ; or  elfe  you  cannot  fo  well  find  the  Point 
of  Interfe&ion ; as  fuppoftng  you  would  find  the  Point 
B,  if  you  take  the  Diftance  A B,  and  fet  from  A to  B, 

C 2 and 
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and  make  an  Arch;  and  then  if  you  take  the  Dif- 
tance  RB,  and  fet  from  R to  B and  crols  the  former 
Arch,  thefe  two  Arches  will  run  fo  along  one  another, 
that  you  cannot  exactly  difcern  the  Place  of  Interfedlion ; 
to  remedy  which,  take  two  Marks  that  bear  more  fquare 
from  B,  as  A and  M,  and  then  the  Arches  will  crofs 
more  directly,  and  the  Operation  will  be  more  exadt. 

■>  .I  . . ■ . . j 

SECT.  VII. 

Mercator’ j Sailing  Geometrical. 

MErcator’s  Sailing  is  laid  down  by  a right-angled 
Triangle,  as  Plane-Sailing,  only  the  Triangle 
hath  two  Perpendiculars,  the  Ihorter  reprefenting  the 
Departure ; as  in  Plane-Sailing,  and  the  longer  is  the 
Difference  of  Longitude. 

Thus  in  the  Triangle  ADE,  A reprefents  the  Place 
failed  from ; the  Angle  at  A is  the  Courfe, 
Fig.  2 6.  and  the  Side  AB  is  the  proper  Difference  of 
Latitude,  and  BC  the  Departure,  as  in  Plane- 
Sailing.  The  whole  Bafe  AD  is  the  Meridional  Diffe- 
rence of  Latitude;  and  the  Perpendicular  DE  is  the 
Difference  of  Longitude;  and  feeing  the  Angle  at  A is 
common  to  both  Triangles,  ABC  and  ADE,  therefore 
the  Bafe  AB  is  in  Proportion  to  the  Perpendicular  BC, 
as  the  whole  Bafe  AD  is  to  the  Perpendicular  DE ; and 
hence  comes  the  Proportion ; as  the  proper  Difference 
of  Latitude,  to  the  Meridional  Difference  of  the  Lati- 
tude ; fo  is  the  Departure,  to  the  Difference  of  Longi- 
tude. Euclid,  lib.  6.  Prop.  6. 

The  Meridian  Line,  with  the  Scale  of  equal  Parts 
next  to  it,  upon  the  Gunter’s  Scale,  are  of  ufe  for  lay- 
ing down  Queftions  in  Mercator's  Sailing;  they  are  the 
two  lowed  Lines  upon  the  Scale,  the  Meridian  Line 
marked  [Merid.]  and  the  equal  Parts  marked  [Eq.  P.] 
the  Graduations  of  the  Meridian  Line  increafes,  as  the 
Degrees  of  Latitude  grow  bigger  near  the  Poles;  the 

Diftance 
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Diftance  and  proper  Difference  of  Latitude  may  be 
taken  off  the  equal  Parts,  and  the  Meridional  Difference 
of  Latitude  off  the  Meridian  Line,  if  the  Queftion  be 
fo  large  as  to  permit  it.  Neverthelefs,  in  fmall  Quef- 
tions,  and  Ihort  Diftances,  where  the  Diftance  between 
the  two  Latitudes  upon  the  Meridional  Line  is  too  little 
to  make  a handi'ome  Figure,  you  may  find  the  Meri- 
dional Difference  of  Latitude,  by  the  Table  of  Meri- 
dional Parts,  and  fo  take  both  it  and  the  proper  Diffe- 
rence of  Latitude,  with  the  Departure,  Diftance,  and 
Difference  of  Longitude,  off  any  equal  Parts  that  you 
think  will  be  proportional  to  the  Dimenfions  that  you 
would  have  your  Queftion  ta  contain  •,  only  take  Care, 
that  from  whatfoever  equal  Parts  you  take  the  given 
Sides,  you  muft  meafure  the  required  Sides,  (when 
found)  upon  the  fame  equal  Parts,  1 fhall  inftance  both 
Ways,  in  the  following  Examples. 

CASE  I.  One  Latitude , Courfe  and  Diftance  given,  to 

find  the  other  Latitude , and  Difference  of  Longitude. 

A Ship  in  Latitude  5od.  om.  North,  fails  N.W.  by 
N.  087  Miles,  I demand  the  Latitude  come  to,  and 
Difference  of  Longitude. 

j.  Draw  ABD  at  pleafure. 

2.  At  an  Angle  of  33d.  45m.  draw  AC  continued, 
upon  which  from  the  equal  Parts  fet  off  the  Diftance 
987  from  A to  C. 

3.  Let  fall  the  Perpendicular  CB. 

4.  Meafure  ABthe  Difference  of  Latitude  820  min. 
or  1 3d.  40m.  which  added  to  Latitude  50,  gives  the 
Latitude  come  to,  63d.  40m. 

5.  Extend  the  Compalfes  upon  the  Meridian  Line 
from  50  to  63d.  40m.  and  fet  that  Extent 

upon  the  Line  AD,  from  B to  D*,  then  is  AD  Fig.  27. 
1519,  the  Meridional  Difference  of  Latitude. 

6.  From  D ereft  the  Perpendicular  DE,  to  cut 
A,  C,  E,  and  *tis  done. 

Then  is  AB  820  min.  or  13d.  40m.  the  Difference 
of  Latitude,  which  added  to  the  Latitude  failed  from 

C 3 (becaufe 
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•(becaufe  the  Ship  fails  to  the  Northward)  produces  63 d. 
40m.  the  Latitude  come  to. 

DE  1017  is  the  Difference  of  Longitude  required. 

CASE  II.  Both  Latitude  and  Courfe  given , to  find  the 
Difiance  and  Difference  of  Longitude. 

A Ship  in  Lat.  56d.  25m.  North,  fails  N.N.E.  into 
Latitude  68d.  30m.  I demand  as  above. 

1.  Extend  the  Compaffes  on  the  Meridian  Line  from 
p.  R Lat.  56d.  25m.  to  Lat.  68d.  30m.  and  fet 

l&‘  2 ’ that  Extent  on  the  Line  AD,  from  A to  D. 

2.  Take  725  (the  proper  Difference  of  Latitude,  in 
Minutes)  from  the  equal  Parts  under  the  Meridian 
Line,  and  fet  upon  the  Line  AD,  from  A to  B. 

3.  At  an  Angle  of  22d.  30m.  (the  Courfe  given) 

draw  the  Hypotenufe  ACE.  f 

4.  At  B and  D ereft  the  Perpendiculars  BC  and  DEr 

and  ’tis  done.  * '*• 

Then  is  AC  785  the  Difiance,  and  DE  6 6a  is  the 
Difference  of  Longitude  required. 

. £§>.  Note , Upon  the  equal  Parts  under  the  Meridian 
Line,  every  Degree  being  60  Minutes  or  Miles,  every 
10  Degrees  is  600  Miles-,  and  fo  for  660,  fet  one  Foot 
in  10,  the  other  extended  one  whole  Divifion  beyond 
the  Cypher  towards  the  Right-hand  is  660,  and  two 
Divifions  is  720,  &c. -- 

- • - • - - • i . ••  * f • 

CASE  III.  One  Latitude , Courfe , and  Difference  of  Lon- 
gitude given , to  find  the  other  Latitude  and  Difiance. 

••  .A  Ship  in  Lat.  50  fails  N-N.W.  till  her  Difference  of 
Longitude  be.  7 Deg.  or  420  Minutes ; I demand  as  above. 
1.  Draw  ABD  at  pleafure.  ••■{«.  . ' , 

2.  At  an  Angle  of  22d.  30m.  draw  the 
Fig.  29.  Hypotenufe  AC  continued.  > v 
•\  _ . 3.  At  the  Difiance  of  420  (the  Difference 

of  Longitude)  'draw  a Line  parallel  to  AD. 

4.  From  the,  Point  where  that  Parallel  interfefls  the 
Hypotenufe,  as  at  E,  let  fall  the  Perpendicular  DE; 

* 5.  With  the  Extent  AD,  and  one  Foot  inthegivenLati- 
tude  50  upon  the  Meridian  Line,  extend  the  other  upward, 
t.  . J becaufe 
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becaufc  the  Ship  fails  to  the  Northward,  and  the  other 
Foot  will  light  upon  sgd.  40m.  the  Latitude  come  to. 

6.  With  the  proper  Difference  of  Latitude  580  (off 
the  equal  Parts)  and  one  Foot  in  A,  find  the  Point  B in 
the  Line  A BD. 

7.  At  B ereft  the  Perpendicular  BC,  and  'tis  done. 
Then  is  AB  580  the  proper  Difference  of  Latitude, 

which  reduced  into  Degrees  and  Minutes  is  gd.  40m. 
which  added  to  the  Latitude  failed  from,  viz.  5od.  00m. 
the  Sum  59d.  40m.  is  the  Latitude  come  to,  and  AC 
628  is  the  Diftance  required. 

CASE  IV.  Both  Latitudes  and  Diftance  given , to  find 
the  Courfe  and  Difference  of  Longitude. 

A Ship  in  Latitude  fod.  North,  fails  3505  Miles,  and 
is  then  by  Obfervation  in  Lat.  13d.  12m.  I demand  as 
above. 

This  Queftion  being  larger  than  the  Book  can  conve- 
niently contain,  if  taken  off  the  Meridian  Line,  I fhall 
take  it  off  a Scale  of  leffer  equal  Parts,  and  find  the 
Meridional  Difference  of  Latitude  by  the  Table. 

1.  Draw  ABD,  upon  which  fet  off  the  proper  Diffe- 

rence of  Latitude  2208  from  A to  B,  and  the 
Meridional  Difference  of  Latitude,  2676  Fig.  30. 
from  A to  D.  ■'  , .1 

2 . At  B and  D ereft  the  Perpendiculars  BC  and  DE- 

3.  With  the  Diftance  3505,  and  one  Foot  in  A,  with 
the  other  crofs  the  Perpendicular  BC,  in  C. 

4.  Draw  AC  continued  to  E,  and  ’tis  done. 

The  Angle  BAC  mealured  on  the  Chords  is  5od. 
57m.  and  the  Perpendicular  D E 3298,  is  the  Difference 
of  Longitude  required. 

CASE  V.  Both  Latitudes  and  Departure  given,  to  find 
Courfe , Diftance,  and  Difference  of  Longitude.  - 
A Ship  in  Latitude  55d.  North,  fails  in  the  North  Eaft 
Quarter  into- Latitude  56d.  10m.  North,  her  Departure 
50  Miles  j I demand  as  above. 

This  and  all  the  following  Queftions  in  Mercator's 
Sailing  Geometrical  contain  too  ftiort  Diftances  to  be  taken 
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off  the  Meridian  Line,  I fhall  therefore  projedt  them 
from  larger  equal  Parts. 

i.  Draw  ABD  upon  which  fet  off  the  proper  Diffe- 
rence of  Latitude  70  from  A to  B,  and  the 
Fig.  31.  Meridional  Difference  of  Latitude  124  from 
A to  D. 

a.  From  the  Points  B and  D eredt  the  Perpendiculars 
BC  and  DE. 

3.  Upon  BC  fet  off  the  Departure  50  from  B to  C. 

4.  Thro*  the  Point  C draw  the  Line  AC  continued, 
till  it  cut  the  Perpendicular  DE  in  E,  and  ’tis  done. 

Then  the  Angle  at  A meafured  on  the  Chords,  is 
35d.  32m.  for  the  Courfe,  which  is  N.  E.  by  N.  fome- 
thing  Eafterly,  and  the  Hypotenufe  AC  86  is  the  Dif- 
tance,  and  the  Perpendicular  D E 89  is  the  Difference 
of  Longitude  required. 

CASE  VI.  Both  Latitudes  and  Difference  of  Longitude 
given , to  find  the  reft. 

Suppofe  two  Places,  one  in  Latitude  56d.  15m.  and 
the  other  in  Latitude  58d.  35m.  their  Difference  of  Lon- 
gitude 2d.  30m.  I demand  the  Courfe  from  the  South- 
ermoft  to  the  Northermoft,  and  alfo  their  Diftance  and 
Departure. 

I.  Upon  the  Line  ABD  fet  off  the  proper  Diff.  Lat. 
and  Merid.  Diff.  Lat.  to  B and  D,  and  there 
Fig.  32.  eredt  Perpendiculars,  as  in  Cafe  the  Fifth. 

2.  Upon  DE  fet  off  the  Difference  of  Lon- 
gitude 1 50  from  D to  E. 

3.  From  A to  E draw  the  Hypotenufe  ACE  to  cut 
BC  in  C.  Then  is  BC  So  the  Departure;  the  Angle  at  A. 
29.  53m.  is  the  Courfe,  and  AC  161  is  the  Diftance. 

Note,  The  Figure  placed  between  B and  D (as  here 
is  260)  is  the  Meridional  Difference  of  Latitude  repre- 
sented by  the  whole  Line  AD. 

CASE  VII.  One  Latitude , Courfe  and  Departure  given, 
to  find  the  other  Latitude , Diftance  and  Diff  Longitude. 

A Ship  in  Latitude  58d.  om.  North,  fails  S.S.  W.  { W. 
till  her  Departure  be  60  Miles  or  Minutes ; I demand 
as  above. 

x.  Draw 
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1 . Draw  ABD  at  pleafure. 

2.  At  the  Angle  of  2 8d.  7m.  the  given 

Courfe  draw  ACE  continued.  Fig.  33. 

3.  At  60  Diftance  from  ABD,  draw  the 
Parallel  eg,  and  where  it  cuts  ACE,  as  in  C,  let  fall  the 
Perpendicular  CB. 

4.  Then  is  AB  the  proper  Difference  of  Latitude,  by 
which  you  may  find  the  Latitude,  Courfe,  and  alfo  the 
Meridional  Difference  of  Latitude,  which  (found  as 
directed  in  Mercator's  Sailing  Trigonometrical , Cafe  I.) 
is  206,  to  be  fet  from  A to  D. 

5.  Raife  the  Perpendicular  DE,  to  cut  ACE  in  E, 
and  ’tis  done. 

The  Latitude  come  to  is  56d.  8m.  the  Difference  of 
Longitude  DE  no,  &c. 

CASE  VIII.  One  Latitude , Diftance,  and  Departure 
given , to  find  the  other  Latitude,  Courfe,  and  Difference 
of  Longitude. 

A Ship  in  Lat.  58d.  om.  North,  fails  between  the 
South  and  Weft  127  Miles1,  her  Departure  6o-,  I de- 
mand the  reft. 

See  the  Figure  in  Cafe  the  Seventh. 

1.  Draw  ABD  at  pleafure. 

2.  At  60  (the  Departure)  Diftance  from  ABD,  draw 
the  Parallel  e g. 

3.  With  the  Diftance  127,  and  one  Foot  in  A crofs 
the  faid  Parallel  in  C. 

4.  Let  fall  the  Perpendicular  CB  to  cut  ABD  in  B ; 
then  is  AB  the  proper  Difference  of  Latitude,  by  which' 
find  the  Meridional  Difference  of  Latitude,  as  in  Cafe  VII. 
which  fet  from  A to  D,  and  raife  the  Perpendicular  DE. 

5.  From  A through  the  crofting  at  C,  draw  ACE, 
to  CUt  DE  in  E,  and  ’tis  done. 

The  Latitude  come  to  is  56d.  8m.  the  Angle  A the 
Courfe  2 8d.  7m* 

The  Difference  of  Longitude  DE  is  1 10. 

« * 1 

t ' 
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SECT.  VIII.  V 

Parallel  Sailing  Geometrical. 

THERE  are  only  two  ways  moft  ufeful  and  intel- 
ligible for  laying  down  Parallel  Sailing ; the  one 
called  Bell-faftiion;  the  other  Plane  Triangle. 

In  the  fit  fb  of  thefe  it  is  laid  down  by  a Figure  forne- 
what  like  a Bell,  from  whence  I fuppofe  it 
Fig.  34.  take  its  Name.  In  this  Figure  the  two  Sides 
AD  and  AE  are  equal  (viz.  equal  to  the  Ra- 
dius or  Sine  of  90;  or  if  you  think  the  Projedtion  will 
be  too  fmall,  you  may  make  them  twice  the  Sine  of  90,- 
(provided  you  take  all  the  other  double  alfo)  and  then 
the  Line  BC  reprefents  their  true  Diftance  in  the 
Parallel,  and  DE  reprefents  their  Diftance  in  the  Equi- 
noctial, or  Difference  of  Longitude. 

The  other  Way  is  by  Plane  Triangle,  in  which  two  of 
the  Angles  are  equal  to  the  Complement  of 
Fig.  35.  the  Latitude  in  which  their  Diftance  is  requi- 
red; and  therefore  if  their  Difference  of  Lon- 
gitude, or  Diftance  in  the  Equinoctial,  be  given  or  re- 
quired, the  Triangle  is  right-angled,  as  in  the  Figure ; 
and  there  the  Angle  at  A is  equal  to  the  Complement 
of  Latitude,  the  Perpendicular  BC  reprefents  the  Dif- 
tance, and  the  Hypotenufe  AC  the  Difference  of  Lon- 
gitude. --  ; ■ 

But  when  the  Diftance  in  one  Parallel  is  given,  and  - ■ 
the  Diftance  in  another  Parallel  is  required,  it  makes  an 
oblique  Triangle,  viz.  with  two  acute  Angles,  (becaufe 
the  Complement  of  all  Latitudes,  except  Latitude  od. 
om.  viz „ under  the  Equinoctial,  is  lefs  than  90  Degrees} 
as  in  the  Figure,  wherein  the  Angle  at  A re- 
Figi  30.  prefents  the  Complement  of  one  Latitude, 
and  its  oppofite  Side  BC  their  Diftance  in  that 
Parallel,  and  the  Angle  at  B is  equal  to. the  Comple- 
ment of  the  other  Latitude,  and  its  oppofite  Side  AC 
reprefents  their  Diftance  in  that  Parallel,  fuppofing  each 
Ship  keeps  always  under  the  fame  Meridian ; and  .this 
by  Oblique  Triangles  is  ufeful  only  in  the  two  laft  Cafes. 

CASE 
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CASE  I.  Two  Ships  or  Places  in  one  Parallel. , their 
Latitude  and  Diftance  given,  to  find  their  Difference  of 
Longitude. 

Two  Ships  in  Lat.  50,  diftant  76  Miles;  I demand 
as  above. 

1.  With  the  Sine  of  90,  (or  Chord  of  60)  and  one 
Foot  in  A,  fweep  the  Arch  DE. 

2.  With  the  Sine  40(theComplementof  La-  Fig.  37. 
titude)  and  one  Foot  in  A,  fweep  the  Arch  BC. 

3.  Take  the  Diftance  76  from  any  equal  Parts,  and 

fet  from  B to  C,  and  draw  the  Line  AE  through  the 
Point  C,  to  cut  the  Arch  DE  in  E,  and  draw  AD 
through  B.  1 , ; 

4.  Draw  the  Lines  BC  and  DE,  then  is  BC  76  the 
Diftance,  and  DE  1 1 8 the  Difference  of  Longitude. 

The  fame  Queftion  by  Plane  Triangle. 

1.  Draw  the  Line  AB  at  pleafure.  Fig.  38. 

2.  At  an  Angle  of  40  Degrees  the  Comple- 
ment of  Latitude,  draw  the  Hypotenufe  AC  continued. 

3.  Draw  the  Parallel  eg  diftant  from  AB,  76  the  Di- 
ftance. 

4.  Where  that  parallel  interfefts  the  Hypotenufe  AC, 
as  in  the  Point  C,  let  fall  the  Perpendicular  CB  to  cut 
AB  in  B,  and  ’tis  done. 

Then  is  BC  the  Diftance  76,  and  AC  1 1 8 the  Diffe- 
rence of  Longitude. 

CASE  II.  Latitude  and  Difference  of  Longitude  given, 
to  find  the  Difiance. 

Two  Ships  in  Latitude  50,  their  Difference  of  Lon- 
gitude 1 1 8 : I demand  their  Diftance. 

See  the  Figures  in  Cafe  I. 

( Bell-Fafhion. 

1.  With  the  Sine  of  90  draw  the  Arch  DE ; and 
with  the  Sine  of  40,  the  Complement  of  Latitude,  draw 
the  Arch  BC,  as  in  Cafe  the  firft. 

2.  Set  the  Difference  of  Longitude  ,118,  from  D to  E. 
3 • Draw  the  Lines  AD  and  AE,  which  will  cut  the 

Arch  BC  in  B and  C.  4.  Draw 
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4.  Draw  alfo  the  Lines  BC  and  DE,  and  *tis  done. 

The  Line  BC  76  is  the  Diftance  required. 

By  Plane  T riangle. 

1.  Draw  AB  at  pleafure. 

2.  With  40  Degrees,  the  Complement  of  Latitude, 
make  the  Angle  at  A,  and  draw  the  Hypotenufe  AC, 
upon  which  fet  off  the  Difference  of  Longitude  1 1 8 from 
A to  C. 

3.  From  C let  fall  the  Perpendicular  CB  to  cut  AB  in 
B,  and  ’tis  done. 

Then  is  BC  76  the  Diftance  required. 

CASE  III.  Diftance  and  Difference  of  Longitude  given, 

to  find  the  Parallel  or  Latitude. 

A Ship  fails  due  W.  2700  Miles,  her  Difference  of 
Longitude  4200  min.  I demand  what  Latitude  the  Ship 
fails  in*. 

1.  With  the  Sine  of  90,  and  one  Foot  in  A,  draw 
the  Arch  DE. 

2.  Set  the  Difference  of  Longitude  4200 
Fig.  39.  from  D to  E,  and  draw  the  Line  DE. 

3.  Draw  the  Lines  ABD  and  ACE. 

4.  Biffeft  the  Line  DE  in  m , and  draw  A m. 

5.  Draw  the  Lines  i k and  gh  parallel  to  A w,  and 
diftance  from  A m equal  to  half  the  given  Diftance  1 350. 

6.  Where  thefe  Parallels  crofs  the  Lines  AD  and  AE, 
with  the  fixed  Point  of  your  Compaffes  in  A draw  the 
Arch  BC,  and  then  draw  the  Line  BC. 

Then  place  one  Foot  in  A,  and  the  other  in  B or  C, 
that  Extent  applied  to  the  natural  Sides  will  reach  to 
40,  the  Complement  of  Latitude,  fo  that  50  is  the  La- 
titude required. 

By  Plane  Triangle. 

1.  Draw  AB  continued. 

2.  Any  where  as  at  B,  erett  the  Perpendi- 
Fig . 40.  cular  BC,  and  fet  off  the  Diftance  2700  from 
B to  C. 
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3.  With  the  Difference  of  Longitude  4200,  and  one 
Foot  in  C crofs  the  Line  AB  in  A,  and  draw  the  Line 
AC. 

4.  With  the  Chord  of  60,  and  one  Foot  in  A draw 
the  Arch  d e. 

The  Angle  at  A meafured  on  the  Arch  d e,  is  40  De- 
grees, the  Complement  of  Latitude  required. 

CASE  IV.  Two  Ships  failing  direSlly  North  or  South , 

their  Difiance  in  one  Parallel  given^  to  find  their  Difiance 

in  another  Parallel. 

Suppofe  two  Ships  in  Latitude  50  North,  diftant  200 
Miles,  they  both  fail  diredtly  North  into  Latitude  73 
North ; their  Diftance  in  that  Parallel  is  required. 

1 . With  the  Sine  Complement  of  the  Latitude  in  which 
their  Diftance  is  given  (viz.  Sine  Complement 

of  50,  which  is  Sine  of  40)  and  one  Foot  in  Fig.  41. 

A,  defcribe  the  Arch  DE,  and  upon  that 

fet  off  the  Diftance  in  that  Parallel  200  from  D to  E. 

2.  With  the  Sine  of  90  draw  the  Arch  FG. 

3.  From  A through  D and  E draw  the  Line  AF  and 
AG. 

4.  With  the  Sine-Complement  of  the  other  Latitude, 
viz.  73  (which  is  the  Sine  of  17)  and  one  Foot  in  A, 
draw  the  Arch  BC  to  cut  AF  in  B,  and  AG  in  C,  and 
draw  BC. 

The  Line  BC  meafured  on  the  fame  equal  Parts  from 
which  you  took  the  firft  Diftance  DE,  will  be  found  to 
be  91,  the  Diftance  of  the  Ships  in  Latitude  73  ; and 
if  their  Difference  of  Longitude  were  required,  it  may 
be  found  by  meafuring  the  Line  FG. 

By  Plane  Triangle. 

Here  is  given  the  Angles  A and  B,  the  Complement  of 
each  Latitude,  and  the  Side  BC  their  Diftance 
in  Latitude  50,  to  find  their  Side  AC,  their  Fig.  42. 
Diftance  in  Latitude  73 : So  that  here  is  two 
Angles  and  a Side  oppofuc  to  one  of  them  given,  to  find 

the 
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the  Side  oppofite  to  the  other,  by  Cafe  I.  of  Oblique 
Plane  Triangles , to  which  I refer  you. 

CASE  V.  Two  Ships  in  one  Parallel  with  their  Dijlance 
in  that  Parallel  given,  failing  both  dire  Elly  North  or  South , 
and  then  their  Dijlance  in  the  Parallel  come  to  is  given, 
to  find  the  Parallel  arrived  at. 

Two  Ships  in  Latitude  50,  diftant  200  Miles,  fail 
North,  till  they  are  but  9 1 Miles  Diftant ; I demand  the 
Latitude  come  to. 

1.  With  Sine-Complement  of  50,  and  one  Foot  in  A, 
draw  the  Arch  DE,  and  fet  off  200  from  D 

to  E,  being  the  given  Diftance  in  that  Parallel.  Fig.  43. 

2.  Through  D from  the  Point  A,  draw  the 

Line  AF,  and  from  A through  E draw  AG,  having 
firfb  drawn  the  Arch  FG  with  the  Sine  90. 

3.  Billed  FG  in  m,  and  draw  the  Parallels  g h and  i k, 
diftant  from  A m equal  to  half  the  Diftance  in  the  La- 
titude come  to,  viz.  half  91,  which  is  43d.  f 

4.  Obferve  where  thefe  Parallels  cut  the  Line  AF  and 
AG,  as  in  B and  C,  therefore  draw  the  Arch  BC,  and 
the  Line  BC,  and  *tis  done. 

Then  AB,  or  AC,  taken  in  your  Compalfes,  and  ap- 
plied to  the  Sines,  will  reach  to  the  Sine  of  1 7,  the 
Complement  of  the  Latitude  required  •,  fo  that  the  La- 
titude come  to  is  73. 

By  Plane  T riangle.  See  the  T riangle  in  Cafe  IV.  in 
which  there  is  given  the  Side  BC  200,  their  Diftance 
in  Latitude  50,  and  the  Angle  oppofite,  viz.  at  A the 
Complement  of  that  Latitude : There  is  alfo  given  the 
Side  AC,  their  Diftance  in  the  Latitude  come  to,  to 
find  the  Angle  at  B the  Complement  of  the  Latitude 
come  to ; fo  that  here  are  two  Sides  and  an  Angle  op- 
pofite to  one  of  them  given,  to  find  the  Angle  oppofite 
to  the  other  by  Cafe  II.  Oblique  Plane  Trigonometry 
Geometrical. 

•j  »»*.'*  *•*  • » 
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SECT  IX. 

Middle  Latitude  Sailing  Geometrical. 

THERE  are  innumerable  Ways  of  projecting 
Middle  Latitude  Sailing.  I (hall  not  trouble  the 
Reader  with  them  all,  becaule  many  of  them  are  alto- 
gether ufelefs  and  impracticable  at  Sea ; I fhall  there- 
fore only  infert  thofe  Methods  that  may  ferve  as  a De- 
monftration  and  Proof  of  the  Proportions  laid  down  in 
the  Trigonometrical  Part  of  Middle  Latitude  Sailings 
and  omit  the  reft  •,  being  unwilling  to  put  the  Reader 
to  the  Charge  of  any  Thing  but  what  may  be  ufeful 
and  profitable. 

The  firft  Proportion  mentioned  in  Middle  Latitude 
Sailing  Trigonometrical , is.  As  the  Difference  of  Lati- 
tude is  to  the  Difference  of  Longitude  •,  fo  is  Sine- 
Complement  of  Middle  Latitude,  to  the  Tangent  of 
the  Courfe.  Or  (which  is  the  fame)  As  the  Difference 
of  Latitude  is  to  the  Sine  Complement  of  Middle  La- 
titude, fo  is  the  Difference  of  Longitude,  to  the  Tan- 
gent of  the  Courfe. 

The  firft  Queftion  there,  is  in  Cafe  I.  One  Latitude , 
Courfe , and  Dijtance  given,  to  find  the  other  Latitude,  De- 
parture and  Difference  of  Longitude. 

A Ship  in  Latitude  5od.  om.  North,  fails  N.  E.  by 
N.  987  Miles : I demand  the  Latitude  come  to,  with 
Departure  and  Difference  of  Longitude. 

Note ; I fhall  inftance,  in  this  Queftion,  Examples 
of  all  the  different  Ways  that  I fhall  infert  for  projecting 
Middle  Latitude  Sailing,  and  for  demonftrating  the  Pro- 
portions generally  ufed  therein,  fuppofing  it  too  tedious 
to  infert  all  the  different  Projections  and  Dcmonftrati- 
ons  in  every  Cafe  thereof,  and  firft  for  the  Proportion 
above-mentioned. 

Geometrical  ConJlruSlions. 

Draw  the  North  and  South  Line  AB,  and  with  the 
given  Courfe  and  Diftance  lay  down  the  Triangle  ABC, 

as 
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as  in  Plane  Sailing  Geometrical,  Cafe  I.  and  hav- 
Fig.  44.  ing  thus  found  the  Difference  of  Latitude,  and 
4 confequently  the  Latitude  come  to,  and  the  Mid- 
dle Latitude  *,  fet  off  the  Sine  Complement  of  the  Mid- 
dle Latitude  from  A to  b,  and  fet  off  the  Radius  or  Sine 
of  90,  from  A to  e,  and  eredt  the  Perpendiculars  b i and 
eg  parallel  to  BC,  and  continue  BC  at  pleafure : Then 
obferve  where  the  Hypotenufe  AC  cuts  the  Perpendicu- 
lar e g which  is  erected  from  the  Sine  of  90)  as  is  k\  then 
take  in  your  Compaffes  the  Extent  e k,  and  place  from 
h to  i,  and  from  A through  i draw  the  Line  AD  to  cut 
the  Perpendicular  BD  in  D;  then  is  BD  1003  the  Dif- 
ference of  Longitude  required,  and  BC  548  is  the  De- 
parture, and  AB  821  is  the  Difference  of  Latitude,  the 
Hypotenufe  AC  987  the  Diftance,  and  the  Angle  BAC 
33 d.  45m.  is  the  Courfe  from  the  North  Eaftwards,  or 
N.E.  by  N. 

Now  that  this  is  a demonftrative  Proof  of  the  Ana- 
logy or  Proportion  before  mentioned,  is  evident ; for 
as  AB  the  Difference  of  Latitude,  is  to  A b the  Sine 
Complement  of  Middle  Latitude  •,  fo  is  BD  the  Diffe- 
rence of  Longitude,  to  b i , which  by  Conftru&ion  is  al- 
ways equal  to  e k,  the  Tangent  of  the  Courfe:  And  that 
it  is,  As  AB  to  A h,  fo  BD  to  h i.  See  Euclid.  Lib.  6. 
Prop.  4.  Therefore  as  the  Difference  of  Latitude  is  to 
the  Sine  Complement  of  Middle  Latitude,  fo  is  the  Dif- 
ference of  Longitude  to  the  Tangent  of  the  Courfe. 

Another  Proportion  is,  as  the  Sine  Complement  of 
the  Middle  Latitude  is  to  Radius  •,  fo  is  the  Departure, 
to  the  Difference  of  Longitude,  which  may  eafily  be 
projected  and  demonftrated  in  one  Right-angled  Tri- 
angle, to  which  if  we  affix  another  Right-angled  Trian- 
gle •,  which  is  common  in  Plane  Sailing,  (viz.  as  Radius, 
to  the  Diftance ; fo  is  Sine  of  the  Courfe,  to  the  De- 
parture) making  the  Perpendicular,  which  is  the  De- 
parture common  to  both,  you  will  thereby  have  confti- 
tuted  an  Oblique  Triangle,  whofe  Proportion  between 
:it$  oppofite  Sides  and  Angles  plainly  proves  the  third 

Proportion, 
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Proportion,  viz.  As  Sine  Complement  of  Middle  La- 
titude, is  to  the  Sine  of  the  Courfe  ;Jb  is  the  Diflance 
to  the  Difference  of  Longitude : Or  (which  is  the  fame) 
As  Sine  Complement  of  Middle  Latitude  is  to  the  Di- 
ftance ; fo  is  the  Sine  of  the  Courle,  to  the  Difference 
of  Longitude.  I fhall  inftance  in  the  firft  Cafe  before- 
mentioned,  where  one  Latitude,  Courfe  and  Diflance  is 
given,  to  find  the  other  Latitude,  Departure  and  Dif- 
ference of  Longitude. 

A Ship  in  Latitude  5od.  om.  fails  N.  E.  by  N.  9S7 
Miles  ; I demand  as  above. 

With  the  Courfe  33d.  45m.  and  Diflance  987,  lay 
down  the  Triangle  ABC,  as  in  Plane  Sailings 
Cafe  I.  and  having  found  the  Difference  of  Fig.  45. 
Latitude,  and  coniequently  Middle  Latitude, 
which  in  this  Queftion  is  56d.  51m.  therefore  draw  the 
Line  CD  to  make  an  Angle  of  §6d.  51m.  with  the  Line 
CB,  and  draw  the  faid  Line  CD,  till  it  cut  the  Line  AB 
continued,  then  is  CD  1003  the  Difference  of  Longitude 
required.  Becaufe  if  the  Angle  BCD  be  the  Middle 
Latitude,  the  Angle  BDC  muft  needs  be  the  Comple- 
ment of  Middle  Latitude,  becaufe  DBC  is  a Right- 
Angle  : And  the  Side  BC  being  the  Departure,  is  com- 
mon to  both  Triangles  •,  therefore  in  the  Triangle  ABC, 
it  is,  as  Radius  is  to  the  Diflance  AC ; fo  is  the  Sine 
of  the  Courfe  BAC,  to  the  Departure’  BC  ; and  then  it 
muft  needs  be  alfo.  As  Sine  of  BDC,  the  Complement 
of  Middle  Latitude,  to  its  oppofite  Side  BC  the  De- 
parture, fo  is  Radius,  to  the  Difference  of  Longitude 
DC. 

Hereby  is  alfo  projected  by  Confequence  a Demon- 
ftration  of  that  Proportion  As  Sine  Complement  of 
Middle  Latitude,  is  to  the  Diflance ; fo  Sine  of  the 
Courfe,  to  the  Difference  or  Longitude  : Or  as  it  is  ex- 
prelfed  in  the  Beginning  of  Middle  Latitude  Sailing  Tri- 
gonometrical, as  Sine  Complement  of  Middle  Latitude  is 
to  the  Sine  of  the  Courfe  j fo  is  the  Diflance,  to  the 
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Difference  of  Longitude.  For  by  theie  two  Right-an- 
gled Triangles,  with  one  Perpendicular  common  to  both, 
is  conftituted  the  Oblique  Triangle  ACD,  in  which  the 
Angle  DAC  is  the  Courfe,  and  its  oppofite  Side  DC  is 
the  Difference  of  Longitude,  and  the  Angle  ADC  is  the 
Complement  of  Middle  Latitude,  and  its  oppofite  Side 
AC  is  the  Diftance;  and  hence  it  muff:  needs  follow  by 
the  known  Proportion  of  Sides  to  their  oppofite  Angles, 
and  the  contrary,  that  as  Sine  of  ADC,  is  to  AC;  fo  is 
Sine  of  DAC,  to  DC:  Therefore,  as  Sine  Complement 
of  Middle  Latitude,  is  to  the  Diftance;  fo  is  the  Sine 
of  the  Courfe,  to  the  Difference  of  Longitude. 

Thefe  Methods  of  projecting  Middle  Latitude  being 
the  moft  demonftrative  Proofs  of  the  Analogies  or  Pro- 
portions generally  made  Ule  of  in  the  Trigonometrical 
or  Arithmetical  Calculation  thereof,  and  therefore  the 
moft  uteful,  I fhall  add  one  or  two  more,  although 
there  are  almoft  infinite  Methods  for  doing  it ; as  one 
Way  that  is  commonly  ufed  by  Semicircle,  a Way  very 
much  in  Practice,  of  which  I fhall  inftance  in  the  fore- 
going Cafe.  A Ship  fails  from  Latitude  5od.  om. 
North,  and  fails  N.  W.'by  N.  987  Miles;  I demand 
the  Latitude  come  to,  with  Departure  and  Difference 
of  Longitude. 

With  the  Chord  of  60,  and  one  Foot  in  H,  draw  the 
Semicircle  AME,  and  at  one  End  thereof,  as  at 
j Fig.  46.  A,  make  an  Angle  of  33d.  45m.  the  Courfe 
given,  and  lay  down  the  Triangle  ABC,  with 
the  Courfe  and  Diftance,  as  in  Plane  Sailing ; and  having 
found  the  Middle  Latitude,  which  in  this  Queftion  is 
^6d.  51m.  Set  off  the  Chord  thereof  both  Ways,  from 
M to  I and  K,  and  draw  I K to  cut  H M in  L ; then 
fet  the  Diftance  L M from  A to  D,  and  from  B to  E, 
and  continue  the  Line  M H till  it  cut  the  Line  AC  as 
In  N ; then  from  £ ere<ft  the  Perpendicular  E G,  and 
from  D through  N draw  D G to  cut  E G in  G ; then  is 
E G the  Difference  of  Longitude,  B C the  Departure, 
AC  the  Diftance,  A B the  Difference  of  Latitude,  and 
the  Angle  CA'B  the  Courfe.  v 
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Another  Projection  of  the  fame  Quejlion. 

With  the  given  Courfe  and  Diftance  lay  down  the  Tri- 
angle ABC,  as  in  Plane  Sailing , Cafe  I.  and 
Fig.  47.  having  found  the  Middle  Latitude,  as  before, 
fetoff  the  Sine  of  the  Complement  of  Middle 
Latitude  upon  the  Line  AB,  from  A to  D,  and  fweep 
the  Arch  DE,  then  with  the  Departure  BC  in  your  Com- 
paffes,  and  one  Foot  in  D,  extend  the  other  along  the 
Arch  DE  to  E ; and  draw  the  Line  DE  equal  to  BC, 
and  through  E draw  AE  continued  : and  then  with  the 
Sine  of  90,  and  one  Foot  in  A,  draw  the  Arch  GH,  till 
it  cut  the  Line  AE  continued  in  FI,  and  draw  the  Lin* 
GH,  which  meafured  on  the  fame  equal  Parts  from 
which  the  reft  were  projected,  gives  the  Longitude  re- 
quired. 

Thefe  four  Methods  are  fufiicient  to  entertain  the 
Reader  with  Variety-,  and  I fuppofe  it  altogether  need- 
lefs  to  inftance  in  any  more  Cafes;  it  being  very  eafy, 
from  what  is  given  in  any  other  Cafe,  whether  both  La- 
titudes and  Courfe,  or  both  Latitude  and  Difference  of 
Longitude,  £s?r.  to  make  the  fame  Proje&ion,  as  a little 
Praftice  will  make  evident. 
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SECT.  I. 

PLANE  TRIGONOMETRY. 

IN  the  Solution  of  all  Plane  Triangles,  whether  right 
angled  or  oblique,  there  are  always  three  Things 
given  to  find  a fourth,  fuppofing  the  Radius  in  right- 
angled  Triangles  to  be  always  given  or  known ; which 
three  given  Terms  are  always  the  firft  in  the  Proportion, 
and  the  required  Term  is  always  the  fourth  or  laft ; and 
they  are  always  to  be  placed  in  fuch  an  Order,  that  the 
Proportion  may  be,  as  the  firft  Term  is  to  the  fecond  ; 
fo  the  third  to  the  fourth.  And  before  the  admirable 
Invention  of  Logarithms,  the  Method  was,  as  in  other 
Cafes  in  the  Rule  of  Three  to  multiply  the  two  laft 
Numbers  by  each  other,  and  divide  the  Product  by 
the  firft  Number,  and  the  Quotient  was  the  Anfwer  to 
the  Qucftion  •,  but  by  the  Help  of  Logarithms  the 
Work  is  much  facilitated  : For  having  let  down  the 
Numbers  in  their  proper  Order,  and  their  Logarithms 
againft  them,  as  you  fee  in  the  following  Examples  in 
Plane  Sailing , you  have  no  more  to  do,  but  add  the 
two  laft  L ogarithms  of  the  three  that  are  given,  and 
from  their  Sum  fubtratt  the  firft,  the  Remainder  is  the 
Logarithm  of  the  fourth  Number  required.  And  ;gain, 
oblerve  in  any  three  given  Terms,  where  the  Radius 
is  the  firft  Term,  you  need  but  add  the  two  laft  toge- 
ther, and  from  the  Sum  abate  one  towards  the  Left- 
hand,  and  the  Remainder  is  the  Logarithm  of  the  fourth 
Number  required.  But  if  Radius  be  the  fecond  or 
third  Term,  place  one  on  the  Left-hand  of  the  faid 
third  or  fecond  Term,  not  Radius,  and  from  that  Sum 
fubtradt  the  firft  Term,  the  Remainder  is  the  Logarithm 
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of  the  fourth  Term  required.  But  if  none  of  the  Terms 
be  Radius,  as  it  frequently  happens  in  Oblique  Plane 
Triangles,  but  that  every  Term  be  the  Logarithm, 
Sine  or  Tangent  of  fome  intermediate  Degree  or  Num- 
ber, then  instead  of  the  Logarithm  of  the  firft  Term, 
whether  Number,  Sine,  or  Tangent,  ific  take  its  Com- 
plement Arithmetical,  which  is  done  thus:  Begin  at 
the  Left-hand,  and  fubtradt  each  Number  from  9,  and 
fet  down  the  Remainder,  till  you  come  at  the  Figure 
next  the  Right-hand,  which  fubtradt  from  10,  and  fet 
down  the  Remainder  as  before.  This  Number  thus 
found  is  called  the  Complement  Arithmetical  of  the 
Logarithm  from  whence  it  was  taken,  and  is  to  be  fet 
down  againft  the  firft  Term,  inftead  of  the  Logarithm 
itfelf,  and  the  Logarithm  of  the  fecond  and  third  Terms 
in  their  proper  Order  under  it  v which  being  done,  add 
up  all  the  three  Sums  together,  and  from  their  Sum 
fubtradt  the  Radius  or  10  towards  the  Left-hand,  the 
Remainder  is  the  Logarithm  of  the  fourth  Term  fought. 

Plane  Trigonometry  right-angled. 


CASE  I.  Hypotenufe  and  one  Acute  Angle  given  ( confe - 
quently  both)  to  find  a Leg.  See  Plane  Trigonometry 
Geometrical.  Cafe  I. 


("Hypotenufe- 
Given  ^ t-i  _ a 1 


550  1 Required  AB 


l The  Angle  at  A — 33d.  om  $ and  BC. 

1.  Making  the  Hypotenufe  the  Radius,  the  Leg  BC 
is  the  Sine  of  the  Angle  at  A,  and  the  Leg  AB  is  the 
Sinp  Complement  of  the  faid  Angle  by  the  Explanation 
of  Axiom  the  firft,  therefore  the  Proportion  is,  as  Ra- 
dius is  to  the  Hypotenufe ; fo  is  the  Sine  Complement  of 
the  Angle  at  A,  to  the  Leg  AB. 

Again,  As  the  Radius  to  the  Hypotenufe ; fo  is  the 
Sine  of  the  Angle  at  A,  to  Leg  BC. 

2.  Making  the  Bafe  Radius,  the  Perpendicular  BC  is 
the  Tangent  of  the  Angle  at  the  Bafe,  and  the  Hypo- 
tenufe the  Secant  of  the  faid  Angle.  By  Explanation 
of  Axiom  the  firft,  therefore  the  Proportion  is,  As  the 

t Secant 
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Secant  of  the  Angle  at  A,  is  to  the  Hypotenufe,  fo  is 
the  Radius,  to  the  Leg  AB. 

Again,  As  the  Secant  of  the  Angle  at  A,  to  the  Hy- 
potenule;  fo  is  the  Tangent  of  the  faid  Angle  at  A,  to 
the  Leg  BC. 

Note,  Making  the  Perpendicular  Radius,  is  the  fame 
as  making  the  Bale  Radius,  the  Hypotenufe  (till  conti- 
nuing to  be  a Secant. 

In  this  Part  I have  purpofcly  omitted  the  Operations 
by  Logarithms,  they  being  inferted  at  large  in  Plane 
and  Mercator's  Sailing , which  is  the  Application  of  Plane 
Trigonometry  to  Navigation ; but  the  Things  giveh  and 
required  aie  the  fame  in  both.  For  whereas  in  Cafe  I. 
of  Plane  Trigonometry  Right-angled , thete  is  given  the 
A ngles  and  Plypotenufe  to  find  a Leg,  lb  in  Plane  Sailing , 
Cafe  I there  is  given  the  Courfe  (which  is  the  Angle  at 
the  Bafe)  and  confequently  its  Complement  (the  other 
acute  Angle)  and  the  Diftance  (which  is  the  Hypotenufe) 
to  find  either  Leg  or  both  (which  are  Difference  of  La- 
titude and  Departure)  and  the  Rules  for  Calculation  are 
the  fame. 

CASH  II.  Given  the  Angle  at  A,  and  a Leg  AB,  to  find 

the  Hypotenufe.  See  Plane  T rigonometry  Geometrical , 

Cafe  II.  . 

1.  Making  the  Hypotenufe  Radius,  the  given  Leg 
will  be  the  Sine  Complement  of  the  Angle  at  A by  the 
Explanation  of  Axiom  the  firft;  therefore,  As  the  Sine 
Complement  of  the  Angle  at  A is  to  the  Bafe;  fo  is  Ra- 
dius, to  the  Hypotenufe, 

2.  Making  the  Bafe  Radius,  the  Hypotenufe  is  Secant 
of  the  Angle  at  A;  therefore,  as  Radius  is  to  the  Bafe  ; 
fo  is  the  Secant  of  the  Angle  at  A,  to  the  Hypotenufe. 

CASE  III.  Given  the  Angles  and  a Leg , to  find  the  other 
Leg.  Given  the  Leg  AB,  as  before , required  the  Leg  BC. 

Note , Each  Cafe  here  always  refers  to  the  fame  Cafe 
in  Plane  7 rigonometry  Geometrical , both  in  Right-angled 
and  Oblique.  ° 

i.  Making 
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1.  Making  the  Hypotenufe  Radius,  the  given  Leg 
is  Sine  Complement  of  the  Angle  at  A,  and  the  requir- 
ed Leg  BC  is  the  Sine  of  the  fame  Angle ; therefore,  as 
Sine  Complement  of  the  Angle  at  A,  is  to  the  Leg  AB  j 
fo  is  the  Sine  of  the  Angle  at  A,  to  Leg  BC. 

2.  Making  the  Bale  Radius,  the  Leg  BC  is  the  Tan- 
gent of  the  Angle  at  A •,  therefore,  as  Radius  is  to  the 
Leg  BA  •,  fo  is  the  Tangent  of  the  Angle  at  A,  to  the 
Leg  BC. 

Note,  Both  thefe  Cafes,  the  fecond  and  third,  are 
contained  in  Cafe  II.  of  Plane  Sailing,  where  the  Angles 
and  a Leg  (viz.  Courfe  and  Difference  of  Latitude)  are 
given,  to  find  the  Diftance  (which  is  the  Hypotenufe) 
by  Cafe  Second,  and  the  other  Leg  (which  is  the  De- 
parture) by  Cafe  the  third.  They  are  alfo  both  com- 
prehended under  the  third  Cafe  of  Plane  Sailing , there 
being  alfo  the  Angles  and  a Leg  given,  viz.  Courfe  and 
Departure,  to  find  Diftance  and  Difference  of  Latitude. 

CASE  IV.  Given  the  Hypotenufe  and  a Leg , to  find  an 
Angle , Given  Hypotenufe  AC  and  Leg  AB,  required  BAC 

1.  Making  the  Hypotenufe  Radius,  the  Leg  AB  will 
be  the  Sine  Complement  of  the  required  Angle,  there- 
fore, as  the  Hypotenufe,  is  to  Radius ; fo  is  the  Leg 
AB,  to  Sine  Complement  of  the  A ngle  at  A. 

2.  Making  the  Bafe  Radius,  the  Hypotenufe  is  the 
Secant  of  the  Angle  at  A,  therefore  as  the  Bafe  AB,  is 
to  Radius ; fo  the  Hypotenufe  AC  is  to  the  Secant  of 
the  Angle  at  A. 

CASE  V.  Given  the  Hypotenufe  and  a Leg,  to  find  the 
other  Leg.  Given  AC  and  AB.  required  BC. 

1.  Making  the  Hypotenufe  Radius,  the  required  Leg 
BC  is  the  Sine  of  the  Angle  at  A •,  therefore  having  found 
the  Angle  at  A by  Cafe  the  fourth,  the  Proportion  is, 
as  Radius  is  to  Hypotenufe ; fo  is  the  Sine  of  the  Angle 
at  A,  to  the  Leg  BC  required. 

D 4 2.  Making 
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2.  Making  the  Bafe  Radius,  the  required  Leg  BC  is. 
the  Tangent  of  the  Angle  at  A,  therefore  having  found 
the  Angle  at  A,  as  before,  the  Proportion  is,  as  Radius, 
to  the  Bafe,  fo  is  the  Tangent  of  the  Angle  at  A,  to 
Leg  BC  required. 

Thefe  two  Cafes  are  jointly  comprehended  in  the 
fourth  and  fifth  Cafes  of  Plane  Sailing , in  each  of  which 
there  is  given  the  Hypotenufe  and  a Leg,  to  find  the 
other  Leg  and  the  Angles. 

Note,  It  is  ufual,  in  moft  Cafes  in  Plane  Sailing , to 
work  after  the  Method  herfc  delivered,  making  the  Hy- 
potenufe Radius,  becaufe  that  Way  of  Hating  brings  it 
under  that  known  Proportion  of  oppofne  Sides  to  op- 
pofite  Angles. 

CASE  VI.  Lhe  Legs  given  to  find  the  Angles.  Given 
BA  and  BC,  required  BAC. 

Note,  When  a Side  is  required,  any  Side  may  be 
made  Radius;  but  to  find  an  Angle,  a given  Side  mull 
be  made  Radius-,  and  here  being  obliged  to  find  an  An- 
gle before,  we  can  find  the  Hypotenufe,  we  fhall  make 
the  Leg  AB  Radius,  and  then  BC  is  the  Tangent  of 
the  Angle  at  A.  Therefore  as  AB,  is  to  Radius  ; fo  is 
BC,  to  the  Tangent  of  the  Angle  at  A required. 

CASE  VII. . Given  the  Legs , to  find  the  Hypotenufe , 
Given  AB  and  BC,  to  find  AC. 

Firjl,  Find  the  Angle  at  A as  before,  and  then, 

1.  Making  the  Hypotenufe  Radius*  the  Bafe  AB  is 
the  Sine  Complement,  and  the  Perpendicular  BC  is  the 
Sine  of  the  Angle  at  A;  therefore,  as  Sine  Complement 
of  the  Angle  at  A,  is  to  the  Bafe  AB*  fo  is  the  Radius, 
to  the  Hypotenufe  AC  required.  Or,  as  Sine  of  the 
Angle  at  A,  is  to  the  Leg  BC;  fo  is  Radius  to  the  Hy- 
potenufe required. 

2.  Making  Bafe  Radius,  and  having  found  the  An- 
gle at  A,  it  is,  as  Radius,  is  to  the  Bafe;  fo  is  the  Se- 
cant of  the  Angle  at  A,  to  the  Hypotenufe. 

■ • •-  . . Thefe 
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Thefe  two  Cafes  are  both  contained  under  the  fixth 
Cafe  of  Plane  Sailing  •,  and  if  you  carefully  obferve  the 
Rules  laid  down  in  the  Beginning  of  Plane  Sailing  Geo- 
metrical about  the  Application  of  Plane  Triangles  to 
Queftions  in  Navigation,  the  Conne&ion  between  them 
will  appear  fo  plain,  and  the  Directions  given  in  one  will 
be  fo  plain  and  pertinent  in  the  other,  that  there  needs  no 
more  to  be  laid  to  inftruCt  the  Reader  as  to  the  Solution 
of  the  Right-angled  Plane  Triangles. 


SECT.  II. 


©f  Oblique  Plane  Triangles. 

I Shall  be  a little  more  particular  in  this  Section  of 
Oblique  Triangles,  becaufe  we  have  them  not  an- 
fwered  numerically  elfewhere  in  this  Book,  except  in 
fome  Queftions  at  the  latter  End. 


CASE  I.  Two  Angles  and  a Side  cppofite  to  one  of  than 
given,  to  find  the  Side  oppofite  to  the  other.  Fig.  12. 


Given 


The  Angle  at  A — 3od.  om. 
The  Angle  at  B — 45d.  om. 
The  Side  BC  — 290 

1 


1 


Required  the 
Side  AC. 


By  Axiom  the  Second. 


As  Sine  of  A 3od.  om.  Co.  Ar.  0.30103 

To  Side  oppofite  BC  * 290  2.46239 

So  Sine  of  B 45  00  9.84948 

To  Side  oppofite  AC  required  410  - ■ - 2.61290 

Note , Here  being  no  Radius  in  this  Proportion,  I 
have  taken  the  Complement  Arithmetical  of  the  firft 
Logarithm,  and  added  all  the  three  Sums  together,  o- 
mitting  one  to  the  left  Hand,  according  to  the  Direc- 
tions in  the  Beginning  hereof. 


CASE 
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C*A  S E II.  Two  Sides  and  one  Angle  oppofite  to  one  of 
them  given,  to  find  the  Side  oppofite  to  the  other.  Fig.  13. 

(The  Side  AB  — 560^ 

Given  'The  Side  AC  — 410  . Required  theAngle  atC. 
(The Angle B45d.om.)  . 


By  Axiom  the  Second. 

Co.  Ar. 

As  Side  AC ■ ■ ■ - 410  — — 7 38722 

To  Sine  of  the  Angle  oppofite  45  o — 9.84948 

So  Side  AB — 560 2.74818 

To  Sine  of  the  Angle  oppofite  74d.  58m.  — 9.98488 
Note , This  Anfwer  is  ambiguous,  and  therefore  it  is 
nccefiary  fir  ft  to  know  whether  the  Angle  fought  be  a- 
cute  or  obtufe,  which  if  acute,  it  is  74d.  58m.  but  if 
obtufe,  it  is  found  by  fubtradling  74d.  58m.  from  180, 
the  Remainder  I05d.  2 m.  is  the  obtufe  Angle  required. 


CASE  III.  Given  two  Sides , and  an  Angle  oppofite  to 
one  of  them,  to  find  the  third  Side.  Fig.  1 3. 

I The  Side  AB  — 560  ) 

Given  ^The  Side  AC  — 410  > Required  the  Side  BC. 
( TheAngle  at  B 45d.om.) 


Find  the  Angle  at  C,  as  in  Cafe  II.  which,  if  fuppofed 
acute,  is  74d.  58m.  then  the  two  Angles  B and  C being 
given,  the  third  is  found  by  Subtra&ion  to  be  6od.  2m. 
Then  by  Axiom  the  fecond. 

d.  m.  Co.  Ar. 

As  the  Sine  of  B 45  o 0.15052 

To  Side  oppofite  AC  ■■  410  2.61278 

So  Sine  of  A 60  2 — • ■ •-  9.93767 


To  Side  oppofite - — 502  — 2.70097 

But  if  the  Angle  at  C had  been  fuppofed  obtufe,  viz. 
i05d.  2m.  the  Angle  at  A would  have  been  29ft.  58m. 
and  then  the  Operation  is, 

As 
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d.  m. 

As  Sine  of  B 45  o Co.  Ar.  0.15052 

To  Side  oppofite  AC  410  2.61278 

So  Sine  of  A 29  58  9.69853 


To  Side  oppofite  BC* 


290 


2.46183 


C iVS  E IV.  Given  Two  Sides  and  a contained  Angle , to 
find  either  of  the  other  Angles.  Fig.  14. 


( The  Side  AC 
Given  < The  Side 


I v * 11V  Uiuv. 

(The  Angl 


AC  — 410  ) 
AB  — 560  > 
le  A god.om.) 


Required  the  Angles 
B and  C. 


By  Axiom  the  Third. 


As  Sum  of  the  given  Sides  — 970  Co.  Ar.  701323 

To  their  Difference  — 150  2.17609 

So  Tangent  of  half  Sum  of  un-7  , 

known  Angles f 75^-  om.-. 0.57, 94 


To  Tang,  of  half  their  Difference  29  59  — 9.76126 

The  Sum  is  the  greater  Angle  C I04d.  59m. 

The  Difference  is  the  leffer  Angle  B — ~ — 45  1 

CASE  V.  Two  Sides  and  a contained  Angle  given , to 
find  the  third  Side.  Fig.  1 5. 

C The  Side  AC  — 410 
Given  ^The  Side  AB  — 560 
( The  Angle  A 3od.  om. 

Find  the  Angle  B by  Cafe  IV.  viz.  45d.  im.  Then, 

d.  m. 

As  the  Sine  of  B 45  1 Co.  Ar.  0.15039 

To  the  Side  oppofite  AC  — 410  2.61278 

So  Sine  of  A 30  o 9.69897 

• . „ 

To  Side  oppofite  BC 290  ■ 2.46214 

CASE 


Required  the  Side  BC. 
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CASE  VI.  Three  Side?  given,  to  find  an  Angle . Fig.  15. 
t The  Side  AC  410^ 

Given  «^The  Side  CB  290  ;>  Required  the  Angle  at  A. 
{The  Side  AB  560 ) 

Let  fall  a Perpendicular  from  C the  greateft  Angle? 
upon  AB  the  greateft  Side,  by  Axiom  the  fourth. 

Co  Ar. 

As  the  Bafe  AB 560  — 7.25182 

To  the  Sum  of  the  Sides  AC  410,- 

and  CB  290 

So  the  Difference  of  the  faid  Sides 120 — 2.07918 

To  the  Difference  of  the  Segments?  , 

of  the  Bale  AD J-i5°-»-i7<S°9 

The  half  Difference  75,  added  to  half  the  Bafe  280, 
the  Sum  355  is  the  Bale  AE. 

The  half  Difference  75,  fubt rafted  from  half  the  Bafe 
280,  the  Difference  205  is  the  Bafe  EB. 

Then  in  the  Right-angled  Triangle  AEC  is  given  AE 
355,  AC  410,  to  find  the  Angle  A. 

Co.  Ar. 
2.61278 
lo.oooca 
2.55022 


As  AC 
To  Radius 
So  AE 


410  — 
9od.  om. 

355  — 


To  Sine  Comp.  oftheAngleat  A 30  1 — 9.93744 

After  the  fame  Manner  you  may  find  the  Angle  E. 


SECT  III. 

Plane  Sailing  Trigonometrical. 

1 

ALthough  the  Method  here  propofed  be  new  and 
fhort  without  the  Trouble  of  Logarithms,  Sines, 
Tangents  and  Secants  yet  I fhall  by  the  Way  fet  down 

an 
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an  Example  or  two  in  every  Cafe,  both  in  Plane  Sailing 
and  Mercator , according  to  the  old  and  common  Me- 
thod, partly  for  the  Help  of  thofe,  who  either  through 
Negligence  or  Want  of  Opportunity  to  pradtife,  have 
forgot  at  Sea  what  they  have  learned  at  School ; but 
chiefly,  that  in  all  the  Examples  wrought  by  the  new 
Way ; I may  refer  to  thofe  wrought  by  the  old  Way, 
that  lb  the  Reader,  feeing  the  exadt  Harmony  and 
Concord  which  is  between  them,  may  (to  his  great  Sa- 
tisfaction) be  convinced  of  the  Verity  and  Infallibility 
of  this  new  Method,  equal  to  the  belt  for  Truth  and 
Certainty,  and  fuperior  to  all  for  Expedition  and  Rea- 
dinefs. 

Plane  Sailing. 

C A SE  I.  Courfe  and  Dijlance  given,  to  find  Difference 
of  Latitude , and  Departure. 

A Ship  fails  N.  W.  by  N.  1 23  Miles ; I demand  Dif- 
ference of  Latitude  and  Departure. 

I 

Firft,  For  the  Difference  of  Latitude. 

d.  m. 

As  Radius 90  00  — 10.00000 

To  the  Diltance  failed  — 123  — 2.08990 

So  Sine  Comp,  of  the  Courfe  — 56  15  — 9.91985 

To  the  Difference  of  Latitude  — i02f—  2.00975 


10.00000 
2.08990 
9-74+74 

To  Departure  • — — — - 68  — 1.83464 

Example  2.  A Ship  fails  South  25  Degrees  Eafterly 
96  Miles,  I demand  the  Difference  of  Latitude  and  De- 
parture. , 

For  * 


For  the  Departure. 

d.  m. 

As  Radius  ■ 90  00  — 

To  Diltance  failed 123  —• 

So  Sine  oftheCourfc 35  45  — 
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For  the  Difference  of  Latitude. 

d.  m. 

As  Radius  — — 90  00  — 10.00000 

To  Diftance  failed 96  — 1.98227 

So  Sine  Comp,  of  Courfe— — 65  00  — 9.95728 


To  Diff.  of  Latitude  87  — 

For  the  Departure. 

d.  m. 

As  Radius  » ■■■— ■ - — - 90  00  — 

To  Diftance  failed - 96  — 

So  Sine  of  the  Courfe  ■■  25  00  — 


*■93955 


10.00000 

1.98227 

9.62595 


To  Departure  - — — ■ — — - ■■■  ■ 40^  — 1.60822 

CASE  II.  Courfe  and  Difference  of  Latitude  given , to 
find  Diftance  and  Departure. 

A Ship  fails  S-  W.  by  S.  till  her  Difference  of  Lati- 
tude be  1 74  Miles ; I demand  her  Diftance  and  De- 
parture. 

Fobthe  Diftance. 

d.  m. 

As  Sine  Comp,  of  Courfe — 56  15  — 9.91985 

To  Difference  of  Latitude  174  — 2.24055 

So  Radius 90  00  — 10.00000 


To  the  Diftance  ■■  209 

For  the  Departure. 

d.  m. 

As  Sine  Comp,  of  Courfe — — 56  15 

To  Difference  of  Latitude • 1 74 

So  Sine  of  the  Courfe 33  45 


2.32070 


0.08015 

2.240-55 

9-74474 


To  Departure  n6  — 2.06544 

Example  2.  A Ship  fails  North  38  Degrees  Wefterly, 
till  Ihe  raife  the  Pole  2 Degrees : I demand  how  far  Ihe 
hath  failed,  and  how  much  Ihe  is  departed  from  her  firft 
Meridian. 

The  2 Degrees  of  Latitude  reduced  intp  Miles,  is  12P 
Miles.  Then  for  the  Diftance. 

A 
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d.  m. 


As  Sine  Comp,  of  Courfe  — 52  00 

To  Difference  of  Latitude  120 

So  Radius 90  00 


9-89653 

2.07918 

10.00000 


To  the  Diftance  ~ ■ ■— 152  — 2.18265 

For  the  Departure. 

d.  m.  Co.  Ar. 

As  Sine  Comp,  of  Courfe  — 52  00  — 0.10347 

To  Difference  of  Latitude  120  — 2.07918 

So  Sine  of  the  Courfe  ■■  — 38  00  — 9.78934 


To  Departure — 94  — 1.97199 


CASE  III.  Courfe  and  Departure  given , to  find  Difiance 
and  Difference  of  Latitude. 

A Ship  fails  S.E.  by  S.  till  her  Departure  be  103 
Miles-,  I demand  her  Diftance  and  Difference  of  Lati- 
tude. 

For  the  Difiance. 

d.  m. 

As  Sine  of  the  Courfe  — — 33  45  — 974474 

To  Departure  — — 103  — 2.01284 

So  Radius  — ■■■■— 90  00  — 10.00000 


To  the  Diftance  — — — — 185  — 226810 

For  the  Difference  of  Latitude. 

d.  m.  Co.  Ar. 

As  Sine  of  the  Courfe  33  45  — 0.25526 

To  Departure 103  — 2.01284 

So  Sine  Comp,  of  Courfe 56  15  — 9.91984 


To  Difference  of  Latitude 154  — 2.18794 

Example  2.  A Ship  fails  North  19  Deg.  41  Min. 
Eafterly,  which  is  NNE.£  Northerly,  till  her  Departure 
be  72  Miles  j her  Diftance  and  Difference  of  Latitude 
is  required. 

For 
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For  the  Dijlance. 

d.  m. 

As  Sine  of  the  Courfe  ■ ■-  19  41 

To  Departure — 72 

So  Radius  — — - — 90  00 


— 9-52739 
~ 1-85733 

— 10.00000 


To  the  Diftance 


214 


2.32994 


For  the  Difference  of  Latitude. 


d. 

m. 

As  Sine  of  the  Courfe  

— *9 

41  — 

To  Departure 

— 

72  — 

So  Sine  Comp,  of  Courfe  — 

— 70 

19  — 

Co.  Ar. 
0.47260 
I-85733 
9-97385 


To  Difference  of  Latitude  201  — 2.30378 

CASE  V.  Dijlance  and  Difference  of  Latitude  given , 
to  find  Courfe  and  Departure. 

A Ship  fails  between  the  North  and  Eaft  no  Miles, 
and  then  finds  by  Obfervation  that  fhe  hath  railed  the 
Pole  one  Degree ; I demand  the  Courfe  and  Departure. 

The  Difference  of  Latitude  reduced  to  Miles  or  Mi- 
nutes is  60. 

Then  for  the  Courfe. 

As  the  Diftance  n°  — 2.04139 

To  Radius 9od.  00m.  — 10.00000 

So  Difference  of  Latitude  60  — J-778!5 


To  Sine  Comp,  of  Courfe  — 33  03  — 9-73^7^ 

So  that  the  Courfe  is  N.E.  by  E.  neareft,  or  N.  E.  by 
E.  42  Min.  Eafterly. 

For  Departure. 

d.  m. 


As  Radius 9°  00 

To  the  Diftance  — ii° 

So  Sine  of  Courfe  ■ 5^  57 


— . 10.00000 

— 2.04139 

— 9-9233  + 


To  Departure  ■ 


92  — 196473 

Example 
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Example  the  Second. 

A Ship  fails  between  the  North  and  Eaft,  till  her 
Difference  of  Latitude  be  103  Miles,  and  then  is  diftant 
from  the  Place  fhe  fail’d  1 1 7 Miles,  her  Courfe  and  De*  . 
parture  is  required. 

For  the  Courfe. 

« 

As  the  Diftance— — 117  — a.06818 

To  Radius • - - - 9od.  00m.  — 10.00000 

So  Difference  of  Latitude— — . 103  — 2.01284 


To  Sine  Comp.  Courfe 61  41  — 9.94466 

For  the  Departure. 

d.  m. 

As  Radius  ■ — ■■■■»-■  — 90  00  — 10.00000 

To  the  Diftance —— — . 117  — 2.06818 

So  Sine  of  the  Courfe  - ■ - 28  19  — 9.67609 

To  Departure 55!  — 174427 

The  Courfe  is  N.N.E.  fomewhat  more  than  half  a 
Point  Eafterly,  and  the  Departure  55^  Miles. 

CASE  V.  Diftance  and  Departure  given , to  find  Courfe , 
and  Difference  of  Latitude. 

A Ship  fails  between  the  South  and  Weft  124  Miles, 
her  Departure  95  Miles:  I demand  the  Courfe  and  Dif- 
ference of  Latitude. 


For  the  Courfe. 

As  the  Diftance— 

— 

124  — 2.09342 

To  Radius 

- — 9od. 

00m.  — 10.00000 

So  Departure 

95  — 1-9777* 

To  Sine  of  the  Courfe  - 

50 

00  — 9.88430 

} 

E 

For 
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For  the  Difference  of  Latitude. 

d.  m. 

As  Radius  — 90  00  — 10.00000 

• To  the  Diftance  . *24  — 2-°93+2 

So  Sine  Comp,  of  Courfe  — — 40  00  •—  9.80806 

To  Difference  of  the  Latitude  - 80  — 1.90148 

The  Courfe  is  S.  W.  half  Point  Wefterly,  or  4^  Points 
neareft,  the  Difference  of  Latitude  80  Miles. 


Example  the  Second. 

A Ship  fails  North  Eafterly  100  Miles;  till  her  De- 
parture be  38  Miles,  her  Courfe  and  Difference  of  La- 
titude is  required. 


For  the  Courfe. 


As  the  Diftance 
To  Radius  — 
So  the  Departure 


100 


^od.  00m. 
38 


2.00000 

10.00000 

1.57978 


To  Sine  of  the  Courfe 


22  20 


9 5797S 


For  the  Difference  of  Latitude. 

As  Radius  — — 9od-  00m.  — 10.00000 

To  the  Diftance  — 100  — 2.00000 

So  Sine  Comp,  of  Courfe  — 67  40  — 9.96613 


To  Difference  of  Latitude  — 92^  — 1.96613 

The  Courfe  N.N.E./fr*;  and  the  Difference  of  Lati- 
tude 92^. 

< i . . , 

CASE  VI.  Difference  of  Latitude  and  Departure  given, 
- to  find  the  Courfe  and  Diftance. 

A Ship  fails  between  the  North  and  Weft,  till  her 
.Difference  of  Latitude  be  220  Min.  and  Departure  108 
,m'->  r>r  Miles ; I demand  the  Courfe  and  Diftance. 

For 
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For  the  Courfe. 

As  Difference  of  Latitude 220 

To  Radius  god.  00m. - 

So  Departure  ■ - ■ - 108  

To  Tangent  of  the  Courfe  26  9 

For  the  Bijlance. 


2.34242 

10.00000 

2.03342 

9.69100 


As  Sine  of  the  Courfe  — 2 6d. 

To  Departure  

So  Radius  — 90 

To  the  Diftance  — - 


9m. 

10S 

00 


245 


9.64416 

2.03342 

10.00000 

2V38926  , 


The  Courfe  N.N.W.  fomewhat  more  than  i Wefter- 
ly,  the  Diftance  245  Miles. 

Example  the  Second. 

A Ship  fails  between  the  South  and  Weft,  until  her 
Difference  of  Latitude  be  309  Min.  and  Departure  206 
Min.  I demand  the  Courfe  and  Diftance. 


For  the  Courfe : 


As  Diff.  of  Latitude 

,To  Radius  

To  Departure  — — ■ 


309 

9od.  00m. 
206 


To  Tangent  of  the  Courfe  33  41 

i 

For  the  Bijlance. 

As  Sine  of  the  Courfe  — 33d.  41m. 

To  the  Departure  — 206 

So  Radius  — 90  00 


.To  the  Diftance 


£2 


37* 


2.48995 

20.00000 

2.31386 

9.8239I 


974398 

2.31386 

10.00000 

2.56988 

The 
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The  Courfe  S.W.  by  S.fere , the  Diftance  371  Miles. 

Thus  have  1 fet  down  two  Examples  in  every  Cafe  of 
Plane  Sailing,  according  to  the  old  and  common  Way  of 
working  by  Logarithms,  Sines,  and  Tangents,  having 
obl'erved  in  the  three  firft  Cafes  where  the  Courfe  is  given, 
to  fet  one  Queftion  with  the  Courfe  given  in  Points  of 
the  Compafs  as  N-W.  by  N.  &Y.  and  another  with  the 
Courfe  given  in  Degrees,  as  South  25  Degrees  Eafterly, 
GY.  intending  in  the  Sequel  hereof,  to  proceed  to  fhew 
the  Reader  how  to  anfwer  all  the  fame  Queftions,  (where 
the  Courfe  is  either  given  or  required)  in  Points,  Half- 
points, or  Quarter-points  of  the  Compafs,  without  any 
Canon,  Scale  or  Compafies,  only  by  two  Tables,  each 
of  which  (or  both  if  need  require)  might  be  contain’d 
in  one  Page  hereof;  which  Table  you  have  at  the  Be- 
ginning of  the  fecond  Part  of  this  Book;  by  which  Ta- 
bles only  you  may  work  all  the  Cafes  in  Plane-Sailing, 
and  keep  a Journal  by  that  way,  without  a Traverfe 
Table,  or  the  voluminous  Tables  of  Logarithms,  Sines, 
Tangents,  Lfr.  which  fill  up  the  far  greater  Part  of 
fome  of  our  Epitomies  of  Navigation  now  in  Print : 
You  may  alfo  by  the  fame,  and  a Table  of  Meridional 
Parts,  work  all  the  Cafes  in  Mercator ; and  keep  a 
Reckoning  throughout  all  the  World;  and  not  only  fo, 
but  that  the  Work  may  juftly  deferve  the  Title  of  a New 
Method,  I (hall  add  fome  Rules  teaching  how  to  work  * 
any  Queftion  in  Plane  Trigonometry,  or  Navigation, 
only  by  the  Pen  or  a Piece  of  Chalk,  without  any  Geo- 
metrical Projeftion  by  Scale  and  Compafies,  or  Arith- 
metical Calculation  by  Sines  and  Tangents;  fo  that  if 
at  Sea  you  have  loft  all  Books  and  Inftruments,  or  if  a 
Shore  you  be  in  Company  where  you  have  no  Books 
nor  Inftruments  prefenr,  you  fhall  work  any  Queftion 
as  eafily  as  a Queftion  in  Common  Arithmetic,  a Thing 
never  yet  known,  nor  publifh’d  by  any : But  I fhall  now 
proceed  to  propofe  an  Example,  or  two,  in  the  feveral 
Cafes  of, 

SECT. 
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SECT. 

Mercator’ s Sailing  Trigonometrical. 

CASE  I.  One  Latitude , Courfe  and  Diftance  given,  to 
find  the  other  Latitude , and  Difference  of  Longitude. 

IN  this,  and  the  other  Cafes,  we  (hall  have  Occafion  to 
make  Ufe  of  the  Meridional  Difference  of  Latitude  ; 
for  the  finding  of  which,  obferve,  if  two  Places  (whofe 
Meridional  Difference  of  Latitude  you  feek ) be  both  in 
North  Latitude,  or  both  in  South  Latitude,  fubtrad  the 
Meridional  Parts  of  theleffer  Latitude,  from  the  Meri- 
dional Parts  of  the  greater  Latitude,  the  Remainder  is 
the  Meridional  Difference  of  Latitude;  but  if  one  be  in 
North  Latitude,  and  the  other  in  South,  add  the  Me- 
ridional Parts  of  both  Latitudes  together,  the  Sum  is 
the  Meridional  Difference  of  Latitude ; the  following 
Examples  will  make  it  plain. 

A Ship  in  Latitude  of  5od.  oom.  North,  fails  N.W. 
by  N.  987  Miles-,  I demand  the  Latitude  come  to,  as 
alfo  the  Difference  of  Longitude. 


1 

As  Radius 

To  the  Diftance  — - — 

— 9od.  oom.  — 
, — 986  — 

— 10.00000 

— 2.99432 

So  Sine  Comp,  of  Courfe 

— 56  15  — 

— 9.91984 

To  proper  Diff.  of  Lat. 

— — 820  — 

— 7 9141b 

The  Difference  of  Latitude  820  min.  divided  by  Co, 
to  bring  it  into  Degrees,  is  1 3d.  40m.  which  added  to  50, 
Deg.  (becaufe  the  Ship  fails  towards  the  Pole,  and  in- 
creafes  her  Latitude)  the  Sum  63d.  40m.  is  the  Latitude 
come  to.  Then  to  find  the  Meridional  Difference  of  La- 
titude between  Lat.  63d.  40m.  and  Lat.  5od. 

E 3 Meridional 
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Meridional  Parts  for  Lat.  63 d.  40m.  - - 4994 

Meridional  Parts  for  Lat.  50  00  3475 

Subt.  one  from  t’other,  refts  Merid.  DifF.  Lat.  — 1519 

! Then  for  the*I)ijfercnce  of  Longitude. 

d.  m. 

As  Radttts  ' 90  00  — 10.00000 

To  Merid.  Diff.  of  Latitude  — 1519  — 3.18155 
So  Tangent  of  the  Courfe— — 33  45  — 9.82489 

To  Difference  of  Longitude  — 1015  — 3.00644 

The  Latitude  come  to  is  63d.  40m.  and  DifF.  Longi- 
tude 1015m.  which  divided  by  6o,  is  i6d.  55m.  Weft 
Longitude,  becaufe  the  Courfe  is  Wefterly. 

CASE  II.  Both  Latitudes  and  Courfe  given , to  find  the 
Difiance  and  Difference  of  Longitude. 

A Ship  fails  from  a Port  in  Latitude  56d.  25m.  N. 
and  Longitude  i4d.  12m.  W.  and  fails  away  N.N-W. 
feveral  Days,  and  then  finds  herfelf  by  Obfervation  to 
be  in  Latitude  68d.  30m.  I demand  how  far  fhe  hath 
failed,  and  what  is  her  Difference  of  Longitude. 


d. 

m. 

Meridional  Parts  for  

68 

30  — - 

— 5712 

Meridional  Parts  for  

56 

25  

— 4i«9 

Meridional  Difference  of  Lat. 

1593 

Proper  Difference  of  Latitude 

12 

05,  or  - 

• 

— 725 

'Then  for  the  Difiance. 

% 

d. 

m. 

As  Sine  Comp,  of  Courfe  — 

22 

30  — 

9.99561 

To  proper  Diff.  of  Latitude 

— 

725  — 

2.86033 

So  Radius  — 

93 

00  — 

10.00009 

To  the  Diftance  ? 

785  “ 

2.8947? 

for 
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For  the  Difference  of  Longitude. 

d.  m. 

As  Radius  • — 90  00  — 10.00009  • 

To  Meridian  Diff.  Latitude  *593  — 3.20221, 

So  Tangent  of  the  Courfe  — 22  30  — - 9.61722 

To  Diff.  of  Longitude  — (f6o  — 2.81943 

The  Diftance  is  785  Miles,  or  262  Leagues  almoft, 
and  the  Difference  of  Longitude  is  660  Min.  or  1 1 De-* 
grees  Eaft,  which  added  to  i4d.  12m.  the  Longitude 
failed  from,  the  Sum  23d.  12m.  is  the  Longitude  the 
Ship  is  in,  which  being  found,  find  in  a Mercator’s 
Chart  the  Longitude  fo  found,  and  the  Latitude  by  Ob- 
fervation  68d.\3om.  and  that  is  the  Point  in  the  Chart 
that  your  Ship  is  in. 

CASE  III.  One  Latitude , Courfe  and  Difference  of  Lon ? 
gitude  given , to  find  the  other  Latitude  and  Diftance. 

A Ship  in  Latitude  50,  fails  N.N.W.  till  her  Differ- 
ence of  Longitude  be  7 Degrees,  or  420  Min.  I de- 
mand the  other  Latitude  and  Diftance. 

For  the  other  Latitude. 

d.  m. 

As  Tangent  of  the  Courfe  — — 22  30  — 9.61722 

To  Difference  of  Longitude  — - 420  — 2.62324 
So  Radius  - — 90  00  — 10.00009 

To  Meridian  Diff.  Latitude  — — 1014  — 3.00602 

Merid.  Parts  aofwering  to  Latitude  5od.  00m.  — 3475 
To  which  add  Meridional  Diff.  Lat.  »■  — — 1014 

The  Sum  — — - 4489 

Which  found  in  the  Table  of  Meridional  Parts,  an-  . 
fwers  to  59d.  40m.  the«Latitude  come  to. 

E 4 Then 
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Then  for  the  Diftance. 


As  Sine  Comp,  of  Courfe — 
To  proper  Diff.  of  Latitude 
So  Radius — — 


d. 

67 

90 


m. 

ao 

580 

00 


— 9.96561 

— 276343 

— - 10.00000 


To  the  Diftance  628  — 2.7978* 

The  Latitude  come  into  is  5gd.  40m.  the  Diftance 
628  Miles. 


CASE  IV.  Both  Latitudes  and  Diftance  given,  to  find 
the  Courfe  and  Difference  of  Longitude. 

0 

- A Ship  in  Latitude  5od.  00m.  N.  fails  3505  Miles, 
and  then  is  found  by  Obfervation  to  be  in  Latitude  13d. 
J2m.  North,  I demand  her  Courfe,  and  Difference  of 
Longitude.  , ■ 

The  proper  Difference  of  Latitude  is  found  by  fub- 
tratting  the  Leffer  Latitude  from  the  greater,  the  Re- 
mainder is  the  Difference  of  Latitude  in  Degrees  and 
Minutes,  which  multiplied  by  60,  gives  the  Difference 
of  Latitude  in  Miles. 


Example, 

Greater  Latitude — 5od.  00m.)  36  48 

Leffer  Latitude  — 13  12  > 60 

Remains 36  48  ) 2208  proper  Diff.  Lat. 

d.  m. 

Meridional  Parts  for  Latitude 50  do  3475 

Meridional  Parts  for  Latitude  — — 13  12  — — 79 9 

Meridional  Difference  of  Lat.  — 2676 

Proper  Difference  of  Latitude  ■■  ■ 2208 

• For 
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For  tbe  Courfe. 

As  the  Diftance  3505  — — 3.54469 

To  Radius  — — 9od.  00m.  10.00000 

So  proper  Diff.  of  Lat.*———  2208—  3.34400 

To  Sine  Comp,  of  Courfe  — 39  03  — — 979931 

For  tbe  Difference  of  Longitude . 

d.  m. 

As  Radius  — - - — 90  00  10.00000 

To  the  Meridional  Diff.  of  Lat.  2676  3.42749 

So  Tangent  of  the  Courfe  — 50  57  10.09086 

To  Diff.  of  Longitude  ■ ' 3298  3-5 1 835 

In  the  four  foregoing  Cafes  I have  purpofely  omitted 
the  Canons  for  finding  the  Departure,  it  being  fuffici- 
ently  taught  in  the  Cafes  of  Plane-Sailing;  and  the 
Canons  for  finding  it  are  exa&ly  the  fame  in  both,  ac- 
cording to  what  is  given.  Neverthelefs  in  all  the  fol- 
lowing Cafes  (except  the  6th)  the  .Departure  is  given, 
and  therefore  I lhall  make  it  one  ncceffary  Term  in  each 
of  the  enfuing  Cafes.  And  when  we  come  to  the  prac- 
tical part,  viz.  the  keeping  of  a Journal,  I lhall  lay 
down  fome  eafy  and  compendious  Ways  for  reducing 
Departure  to  Difference  of  Longitude,  both  by  Mer- 
cator and  Middle  Latitude,  without  any  Canon. 

CASE  V.  Both  Latitudes  and  Departure  given,  to  find 
Courfe , Diftance , and  Difference  of  Longitude. 

A Ship  departs  from  Latitude  55d.  00m.  N.  and  fails 
between  the  North  and  Eaft  into  Latitude  56d.  10m.  N. 
her  Departure  50  Min.  or  Miles;  I demand  the  Courfe 
fteered,  the  Diftance  fail’d,  and  the  Difference  of  Lon- 
gitude. 

For 
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For  the  Courfe. 


As  proper  Diff.  of  Latitude  — 

— 

70 

~ 1-84509 

To  Radius  

90 

00 

— z 0.00000 

So  Departure  • — — — — 

50 

— 1.69897 

To  Tang,  of  the  Courfe  • 

35 

32 

— 9.85388 

For  the  Difi 

ance. 

d. 

m. 

As  Sine  of  the  Courfe  — 

35 

32 

— 9.76430 

To  Departure  • - 

— 

50 

— 1.69890 

So  Radius ■ 

90 

00 

— 10000O0 

To  the  Diftance  — — 

* * « 

— 

86  ■ 

“ *-93467 

~ For  the  Difference  of  Longitude. 

As  Radius  * 

90 

00 

— 10.00000 

To  Meridional  Diff.  of  Lat:  — 

124 

— 2.09342 

So  Tangent  of  the  Courfe 

35 

32 

— 9.85380 

To  Difference  of  Longitude 89/ertf  — 1.94722 

Or,  which  is  the  fame. 

As  proper  Difference  of  Latitude  — 70  Co.  Ar.  8.15499 

To  Meridional  Difference  of  Lat.  — 124 2.09342 

So  Departure  ■■■■  — 50 1.69897 

' ' , ( , . 

To  Difference  of  Longitude 89  fere  — 1-94738 

CASE  VI.  Both  Latitudes  and  Difference  of  Longitude 
given , to  find  Courfe , Difiance  and  Departure. 

Suppofe  two  Places,  one  in  Latitude  56d.  15m. 
North,  the  other  in  Latitude  58d.  35m.  North,  their 
Difference  of  Longitude  2d.  30m.  I demand  the  Courfe 
and  Diftance  from  the  Southermoft  to  the  Northermoft, 
and  alfo  the  Departure; 

Proper  Difference  of  Latitude  140 

Meridian  Difference  of  Latitude  — - 260 

For 
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For  the  Courfe. 

As  Merid.  Diff.  Lat.  260 

To  Radius 90  om. 

So  Diff.  Long.  ■ 1 50 


— — 2.41664 

— — io.ocooo 
2.17609 


To  Tang.  Courfe  29  53 

, For  the  Dijlance. 

As  Sine  Comp,  of  Courfe 60  07 

To  proper  Diff.  Lat.  104m. 

So  Radius  — — ■ — - 90  00 


9-75945 

9.93804 

2.14612 

10.0000® 


To  the  Diflance  — 161 2.20808 

For  the  Departure. 

As  Sine  Comp,  of  Courfe 60  o ‘jCo.Ar.  0.06196 

To  proper  Diff.  Lat.  140 2.14612 

So  Sine  of  Courfe  — 29  53  — — 9.69743 


To  Departure  • ■ 10  — — 1. 90551 

Or,  as  Radius  to  proper  Difference  of  Latitude,  fo 
Tangent  of  the  Courle  to  Departure. 

CASE  VII.  One  Latitude , Courfe  and  Departure  given , 
to  find  the  other  Latitude , Dijlance  and  Difference  of 
Longitude.- 

A Ship  in  Latitude  5Sd.  om;  N.  fails  S-S.W.  half 
W.  till  her  Departure  be  60  Min.  I demand  the  Latitude 
come  to,  Diftance  fail’d,  and  Difference  of  Longitude. 

If  your  Difference  of  Longitude  be  Eaft,  add  it  to, 
or  if  Weft,  fubtradt  it  from  the  Longitude  failed  from, 
and  the  Sum  or  Remainder  is  the  Longitude  come  into, 
if  you  begin  to  reckon  your  Longitude  from  Pico  Fene- 
riff  Eaftwards  to  360  Degrees,  (which  is  feldom  done 
in  England)  but  if  you  begin  your  Longitude  at  the 
Place  fail’d  from,  (according  to  the  Mariner's  Compafs 
Rectified)  you  only  reckon  your  Longitude  Weft,  ac- 
cording to  the  Denomination  of  your  Departure,  whe- 
ther Eaft  or  Weft.  • 
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For  the  Difference  of  Latitude. 

d.  m.  Co.  Ar. 

As  Sine  of  the  Courfe 28  07  — — 0.32673 

To  the  Departure  - - 60  — . 1.77815 

So  Sine  Comp,  of  Courfe  61  53  — — 9.94546 


To  Difference  of  Latitude  — 112  — ■■  2.65034 


Difference  of  Latitude  1 1 2 Miles,  or  Minutes ; or, 
id.  52m.  which  fabtradted  from  the  Latitude  failed 
from  58  Deg.  (becaufe  the  Courfe  is  Southerly)  the  Re- 
mainder 56d.  8m.  is  the  Latitude  come  to. 

Then  for  the  Dijlance. 

d.  m. 

As  Sine  of  the  Courfe  — — 28  07  9.67326 

To  Departure 60  — — 1.77815 

So  Radius  — - 90  00  — - 10.00000 

To  the  Diftance  127 2.10489 

For  the  Difference  of  Longitude. 

As  Radius  - ■ 90  00  10.00000 

To  Meridional  Diff.  of  Lat.— — 206  — — 2.31386 

So  Tangent  of  the  Courfe 28  07  — — 9.72780 

To  Difference  of  Longitude no  2.04166 

Or,  Difference  of  Longitude  may  be  thus  found. 

Co.  Ar. 

As  proper  Difference  of  Lat. 112  7.94965 

To  Meridional  Diff.  Lat  • ■■  ■ - ■ 206  2.31386 

So  Departure  ■ ■ — — . 60  1.77815 

To  Difference  of  Longitude  —no  - — 2.04166 

CASE 
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CASE  VIII.  One  Latitude , Dijlance  and  Departure 
given , to  find  the  other  Latitude , Courfie  and  Difference 
of  Longitude. 

A Ship  in  Lat.  58d.  om.  N.  fails  between  the  South 
and  Weft  127  Miles,  and  then  finds  her  Departure  to  be 
1 Degree,  or  60  Minutes-,  I demand  as  above. 

For  the  Courfie. 

127  2.10380 

■ 90  00  — - 1000000 

60  1 778*5 

To  Sine  of  the  Courfe  28  11  ■ — 9.674 35 

For  the  Difference  of  Latitude. 

d.  m.  Co.  Ar. 

As  Sine  of  the  Courfe  28  1 1 °-3a579 

To  Departure  ■ — - 60  1.77815 

So  Sine  Comp,  of  the  Courfe  61  49  — — 9.945 19 

To  Difference  of  Latitude ——  112  --  ■-  2.04913 

For  the  Difference  of  Longitude. 

d.  m. 

As  Radius  - — 90  00  10.00000 

To  Meridional  Diff.  of  Lat.  — 206  2.31386 

So  Tangent  of  the  Courfe  28  11  — — 9 72901 

To  Difference  of  Longitude  — no 2.04288 

The  Difference  of  Latitude's*  1 12  Minutes  j or  1 De- 
gree 52  Minutes,  which  fubtradted  from  the  Latitude 
iailed  from  58  Deg.  the  Remainder  56  Deg.  8 Min.  is 
the  Latitude  come  to  j and  the  Difference  of  Longi- 
tude is  110  Minutes,  or  id.  50m.  which  is  to  be  fub- 
trafted  from  the  Longitude  failed  from,  if  you  are  de- 
creafing  your  Longitude,  &5V. 

a Hcrj)  - 


As  the  Diftance 

To  Radius  

So  Departure 
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How  to  work  Mercator  s Sailing , without  a Table  of  Me- 
ridional Parts. 

The  Table  of  Meridional  Parts  may  be  fupplied  by 
the  Table  of  Artificial  Tangents;  for  every  half  Degree 
of  the  Tangents  above  45  anfwers  to  one  Degree  of 
Latitude,  (the  Charafteriftic  or  Index  of  the  Tangent 
being  rejected)  and  therefore  to  find  the  Meridional 
Leagues  for  any  Latitude,  and  half  the  given  Lati- 
tede  to  45,  the  Sum  is  a Degree,  whofe  Tangent  mul- 
tiplied by  10,  and  the  Product  divided  by  376,  the 
Quotient  is  the  Meridional  Leagues  belonging  to  that 
Latitude,  which  multiplied  by  3,  gives  (nearly)  the 
Meridional  Parts  found  in  the  Table. 

Note,  If  you  have  a Table  that  hath  6 Figures,  or 
more,  in  the  Tangents,  befides  the  Index,  you  may  ufe 
the  firft  fix  Figures,  and  need  not  multiply  them  by  10, 
as  before. 

But  becaufe  this  Way  is  not  of  Ufe,  except  when 
both  Latitudes  are  given  or  found,  to  find  the  Difference 
of  Longitude,  *tis  beft  to  find  the  Tangents  anfwering 
to  both  Latitudes,  and  fubtradl  the  lefs  from  the  greater, 
and  divide  the  Remainder  by  376,  which  gives  the  Meri- 
dional Difference  of  Latitude  in  Leagues,  which  if  you 
pleafe  you  may  reduce  to  Miles,  (by  multiplying  by  3) 
without  further  trouble. 

Example. 

In  the  foregoing  Queftion  in  the  eighth  Cafe  of  Mer- 
cator’s Sailing  Trigonometrical,  the  two  Latitudes  arc 
found  to  be  58d.  ora,  and  56d.  8m. 

Half  of  5«d.  om.  is^d.  om. 

To  which  add  — 45  o 


The  Sum  is  — — 74  o whofe  Tangent  is  542503 


Half  of  56d.  8m.  is  28  4 

To  which  add 45  o 

The  Sum  is  — - - 73  4 whofe  Tangent  is  516471 

Remainder 


Digitized  by  Google 


Sedt.  V.  Parallel  Sailing  Trigonometrical.  6,3 
Remainder  ■ — 26032 

376)26032(69  Merid.  Diff.  Lat.  in  Leagues  * 69 

3472  Which  multiply  by  ■ ■ . 3 

J | 

••  88  Gives  Merid.  DifF.  Lat.  in  Miles  — 207 
Nearly  agreeing  with  that  found  by  the  Table. 

And  although  this  be  not  exaftly  the  fame  with  the 
Table,  yet  the  Difference  is  fcarce  difcemable,  and  there- 
fore it  may  be  of  great  Ufe  where  Tables  of  Meridional 
, Parts  are  wanting. 


SECT.  V. 

Parallel  Sailing  Trigonometrical. 

SOME  rank  the  Cafes  of  Parallel  Sailing  amongft  the 
reft  of  the  Cafes  in  Mercator's  Sailing ; and  indeed 
not  without  good  Reafon,  feeing  it  is  grounded  upon 
the  fame  Projection,  and  is  really  a Branch  of  the  fame. 
Neverthelefs,  feeing  both  Data  and  Quafita  relate  only 
to  the  Diftance  or  Difference  of  Longitude,  tftc.  of 
Ships  or  Places  in  the  fame  Parallel  or  Latitude;  I 
chufe  rather  to  fpeak  of  it  in  fo  many  diftinCt  Cafes 
under  that  Head,  and  fhall  (as  before)  fet  down  an  Ex- 
ample in  every  Cafe,  and  work  it  in  the  common  Way, 
(viz.  by  Logarithms,  &c.  here,  and  fhall  hereafter  pro- 
ceed to  work  it  alfo,  as  well  as  Plane  and  Mercator' st 
without  any  Canon,  only  by  common  Arithmetic.’ 

CASE  I.  Two  Ships  (or  Places)  in  one  Parallel , their 
Latitude  and  Diftance  given,  to  find  their  Difference  of 
• Longitude. 

Suppofe-xwo  Ships  in  Latitude  50ft.  oora:  diftant  76 
* '"V..;  I demand  their  L..7*-“nce  of  Longitude. 
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d*  m. 

As  Sine  Comp,  of  Latitude  — — 40  00  — 9.80807 

To  Radius 90  00  — 10.00000 

So  Diftance  — 76  — 1.88081 

To  Difference  of  Longitude  ——  118  — 2.07274. 

The  Difference  of  Longitude  1 18m.  or  id.  58m. 

CASE  II.  Two  Places  in  one  Parallel.,  their  Latitude 
and  Difference  of  Longitude  given,  to  find  their  Diftance. 

This  is  only  the  former  Cannon  inverted,  as  in  the  fol- 
lowing Example; 

The  Latitude  of  two  Ships  (or  Places)  and  their  Difc 
ference  of  Longitude  given,  to  find  their  Diftance. 

Example.  Suppofe  two  Places  in  the  Latitude  of  50d. 
om.  their  Difference  of  Longitude  1 1 8m.  I demand  their 
Diftance. 

d.  m. 

As  Radius  • 90  00  — - 10.00000 

To  Sine  Comp.  Lat.  40  00  — 9.80806 

So  Difference  of  Longitude  — — 118  — 2.07188 

To  the  Diftance  • — - — 76  — 1.87994 

CASE  III.  Two  Places  in  one  Latitude , their  Diftance 
and  Difference  of  Longitude  given , to  find  the  Latitude 
they  are  in. 

Example.  A Ship  fails  due  Weft  2700  Miles,  and 
then  finds  her  Difference  of  Longitude  to  be  4200  min.- 
I demand  what  Latitude  the  Ship  fails  in. 

As  Diff.  Longitude  4200  — — 3.62325 

To  Radius  — — ■ 9od.  00m.  — 10.00000 

So  is  the  Diftance  • 2700  — 3-43136 

To  Sine  Comp;  Lat.  50  00  — 9.80811 

CASE 
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CASE  IV.  Two  Ships  failing  directly  North  or  South, 
their  Diftance  in  one  Parallel  given , to  find  their  Difiance 
in  another  Parallel. 


Example.  Suppofe  two  Ships  in  Latitude  5od.  00m. 
North,  diftant  200  Miles,  fail  both  direftly  North  into 
Latitude  73d.  00m.  I demand  their  Diftance  in  that 
Parallel. 


d.  m. 

As  Sine  Comp,  of  Lat.failed  from  40  00  Co.Ar.  0.19 193 
To  their  Diftance  in  that  Parallel  200  «*— — 2.30103 
So  Sine  Comp,  of  Lat.  fail’d  to  — 1 7 00  ■ 9.46594 


To  their  Diftance  in  that  Parallel  — 91 1.95890 

CASE  V.  Two  Ships  in  one  Parallel , with  their  Diflance 
in  that  Parallel  given,  Sailing  both  direftly  North  or 
South , with  their  Diftance  in  the  Parallel  fail'd  to  given, 
to  find  the  Latitude  come  to. 

Example.  Two  Ships  in  Latitude  5od.  00m.  diftant 
200  Miles,  fail  both  direftly  North,  till  their  Diftance 
is  but  9 1 Miles  •,  I demand  the  Latitude  come  to. 

This  is  but  the  laft  Canon  inverted,  viz: 

Co.  Ar. 

As  their  Diftance  in  Lat.  fail’d  from  — 200  — 7.69897 
To  Sine  Comp,  of  Lat.  fail’d  from  4od.  00m.  9.80807 
So  Diftance  in  Lat.  come  to  91  — 1,95904 

To  Sine  Comp,  of  Lat.  come  to — 17  00  — • 9.46608 


In  thefe  five  Cafes  of  Parallel  Sailing , I have  fet 
down  but  one  Example  in  each  Cafe,  it  being  of  no 
great  Ufc  in  the  P raft  ice  of  Navigation;  and  yet  it 
was  not  fit  it  fhould  be  omitted,  as  being  a good 
Help  towards  a right  Notion  and  Apprehenfion  or  the 
Terreftrial  Globe ; for  in  Plane  Sailing  there  is  no  fuch 
Thing  as  Difference  of  Longitude,  being  diftinft  from 

F Depart 
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Departure,  but  here  the  Difference  between  the  one 
and  the  other  is  plainly  evident  •,  the  Difference  of  Lon- 
gitude being  fometimes  twice  or  thrice  as  much  as  the 
Departure,  it  bearing  always  the  fame  Proportion  to 
the  Departure,  as  Radius  does  to  Sine  Complement  of 
the  Latitude  or  Parallel  failed  in. 


SECT.  VI. 

Middle  Latitude  Sailing  Trigonometrical. 

ALtho*  Middle  Latitude  Sailing  is  not  exadtly  true, 
yet  becaufe  of  its  (general)  Conformity  to  the 
Globe,  I fhall  not  altogether  omit  it;  for  notwithflanding 
it  comes  fhort  of  Mercator's  (or  rather  Wright's  Sailing, 
in  which  the  Degrees  of  Longitude  bear  exadtly  the 
fame  Proportion  to  the  Degrees  of  Latitude  in  any  Pa- 
rallel, as  it  does  upon  the  Globe)  yet  it  exceeds  Plane 
&«7r'»£(which  fuppofeth  theEarth  to  be  a plane  Superficies, 
and  the  Degrees  of  Longitude  and  Latitude  to  be  every 
where  equal;)  and  therefore  feeing  it  hath  been  fome- 
times taught  and  pradtifed,  as  one  of  the  Kinds  of 
Sailing  (or  keeping  a reckoning)  novfr  in  Ufe ; I fhall 
proceed  to  an  Example  in  each  Cafe  thereof.  And  the 
rather  I take  Notice  of  it,  becaufe  when  I come  to  go 
over  this  in  the  new  Way  of  Working  without  any  Ca- 
non, I fhall  fhew  how  it  may  be  done,  not  only  with 
more  Eafe  and  Expedition,  but  alfo  much  more  nearly 
(if  not  exactly)  agreeing  with  Mercator , and  confequent  • 
ly  with  the  Globe  itfelf,  than  what  has  been  commonly 
taught  and  pradtifed  in  that  Kind  of  Sailing ; but  fhall 
refer  that  to  its  proper  Place  in  the  fccond  Part  hereof, 
and  fhall  here  proceed  (as  in  Plane  and  Mercator,  &c.  ) 
to  work  the  feveral  Cafes  of  Middle  Latitud  Sailin' r 

* . , o 

the  common  Way,  and  the  Analogies  or  Proportions 
made  Uie  of  herein,  befides  thofe  taught  in  Plane  Sailing 
(which  are  applicable  and  ufeful  here,  as  well  as  in  Mer- 
cator's Sailing ) arc  commonly  thefc  two,  viz. 
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As  Difference  of  Latitude, 

To  Difference  of  Longitude  •, 

So  Sine  Complement  of  Middle  Latitude, 

To  Tangent  of  the  Courl'e  from  the  Meridian. 

The  other  Proportion  is. 

As  Sine  Complement  of  Middle  Latitude, 

To  Radius; 

So  is  the  Departure, 

To  Difference  of  Longitude. 

And  thefe  Proportions  may  be  inverted  accordin  tp 
what  is  given,  and  what  is  required,  by  Euclid,  Lib.  5. 
Prop.  14.  Q 16  Corol.  always  obi'erving  to  make  the 
required  Term  the  laft  of  the  Four  in  the  Proportion; 
As  Suppofe  both  Latitudes  and  Courl'e  be  given,  and 
Difference  of  Longitude  required,  then  the  Proportion 
will  be, 

As  Sine  Complement  of  Middle  Latitude, 

To  Tangent  of  the  Courfe; 

So  Difference  of  Latitude, 

To  Difference  of  Longitude. 

And  fo  in  others,  as  in  the  enfuing  Operations  will 
more  plainly  appear. 

There  is  alfo  another  Proportion  of  Ufe  for  finding 
the  Courfe,  Diftance,  or  Difference  of  Longitude,  when 
any  two  of  them,  together  with  both  Latitudes,  are 
given  or  found;  and  the  Proportion  is, 

As  Sine  Complement  of  Middle  Latitude, 

Is  to  the  Sine  of  the  Courfe  from  the  Meridian  ; 

• So  is  the  Diftance  failed. 

To  the  Difference  of  Longitude. 

And  fo  by  inverting  the  Canon,  any  three  of  them 
being  given,  the  fourth  may  be  found. 

V 

F 2 CASE. 
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CASE  I.  One  Latitude,  Courfe , and  Di/lance  given , to 
‘'find  the  other  Latitude , Departure  and  Difference  of 
Longitude. 

A Ship  in  Latitude  5od.  oom.  North,  fails  N.W.  by 
N.  987  Miles;  I demand  the  Latitude  come  to,  with 
the  Departure  and  Difference  of  Longitude.  • 

See  the  fame  Queftion  in  Mercator’ f Sailing,  Cafe  the 

firft. 

For  the  Difference  of  Latitude. 

d.  m. 

As  Radius  90  00  — 10.00000 

To  Diftance  987  — 2.99432 

So  Sine  Comp,  of  Courfe  56  15  — 9 91984 

To  Difference  of  Latitude  — 821  — 2.91416 

The  Latitude  come  to  is  63  Deg.  41  Min. 

For  the  Departure. 


d. 

m. 

As  Radius  - — — - 

■ 90 

00  — 10.00000 

To  the  Diftance 

— — • 

987  — 2.99432 

So  Sine  of  Courfe 

33 

45  — 9-74473 

To  Departure 

548  — a/.7390 g 

For  the  Difference  of  Longitude. 

Becaufe  this  Canon  for  finding  the  Difference  of  Lon- 
gitude is  grounded  upon  the  Middle  Latitude,  oblervc 
that  it 'is  always  found  by  adding  the  two  Latitudes  to- 
gether, and  half  the  Sum  is  the  Middle  Latitude  re- 
quired. 

‘Thus  in  this  Example. 

d.  m. 

The  Latitude  failed  from  - . 50  00 

The  Latitude  failed  to  is  63  41 


The  Sum  is 


”3 


41 

The  Half  of  which  is  the  Middle  Latitude,  viz. — 56  5 1 

The 
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The  exaft  Half  is  56c!.  50m.  j ; but  you  need  not 
be  careful  to  a half  Minute ; but  where  the  Sum  is  an 
odd  Minute,  take  always  the  bigger  Half,  for  the  Mid- 
dle Latitude  is  a Latitude  rather  too  little  to  work  with, 
and  cOnfequently  the  Sine  Complement  of  it  is  always  a 
Sine  rather  too  great,  and  makes  the  Longitude  come 
outlefs  than  really  it  (hould  be:  And  although  there  is 
no  Way  to  find  a Mean  Latitude  to  work  with  as  Mid- 
dle Latitude  (without  too  much  Trouble)  that  will  bring 
out  the  required  Longit*de  the  fame  exadtly  with  Mer- 
cator-, yet  the  Middle  Latitude  found  as  before,  being 
always  too  little,  the  taking  the  greater  Half,  where  an 
odd  Minute  happens,  will  be  fo  far  from  augmenting 
the  Error,  that  it  rather  leflens  it,  and  makes  the  Lon- 
gitude fo  found  more  nearly  (though  not  exadtly  con- 
formable to  the  Longitude  found  by  Mercator's  Sailing  -, 
■which  for  Inftance  in  this  firft  Queftion,  we  fhall  work 
by  each  of  the  three  Canons  before-mentioned. 


d.  m.  Co.  Ar. 

As  Sine  Comp,  of  Mid.  Lat.  — 33  09  — 0.262 15 

To  Tang,  of  the  Courfe  —--*-33  45  — 9.82489 

So  Diff.  of  Latitude  821  — 2.91434 


To  Diff.  of  Longitude  1003 


3.00138 


Again , d.  m: 

As  Sine  Comp,  of  Mid.  Lat.  — 33  09 

To  Radius  • ■ ■■■  ■ 90  00 

. So  Departure  -■■■  ■ . — 548 


— 973785 

— 10.00000 

— 2.7  3878 


To  Difference  of  Longitude  — — 1003 


— 3.0009$' 


Again , • d.  m.  Co.  Ar. 

As  Sine  Comp:  of  Mid.  Lat.  — 33  09  — 0.262 1 5 

To  Sine  of  Courfe  — _ 33  45  — 9.74473 

So  is  the  Diftance  - ■ — 987  — 2.99432 


To  Difference  of  Longitude- -1003  — 3.00120 

F 3 CASE 
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CASE  IT.  Both  Latitudes  and  Courfe  given , to  find 
Difiance , Departure , and  Difference  of  Longitude. 

A Ship  takes  her  Departure  from  an  Ifland,  in  Lati- 
tude 56  deg.  25  min.  North,  and  fails  N.N.W.  for  feveral 
Days,  and  then  finds  herfelf  by  Obfervation  to  be  in  La- 
titude 68d.  30m.  North;  I demand  the  Diftance  failed, 
with  her  Departure  and  Difference  of  Longitude. 

See  the  fame  Queftion  in  Mercator's  Sailing.  Cafe  the 
Second.  The  Difference  of  Latitude  is  i2d.  5m.  01*725' 
Min.  or  Miles. 

Then  for  the  Difiance. 


d. 

m.  . 

As  Sine  Comp,  of  Courfe  — 

67 

3p  

9.96561 

To  Difference  of  Latitude 

7*5  

2.86033 

So  is  Radius  ■ • 

90 

OQ  - — 

10.00000 

To  the  Diftance  

785  — 

2.8947* 

Then  for  the  Departure. 

■ d. 

m. 

As  Sine  Comp,  of  Courfe  — 

67 

3Q  

0-03439 

To  Difference  of  Longitude 

725  

2.86033 

So  Sine  of  the  Courfe  

22 

3o  

9.58284 

To  Departure  ■ — - 

300  

2.47756 

The  two  Latitudes  25rrl* 

V 


Sum  r — - - 124  55 

Half  Sum  — — 62  28  the  Middle  Latitude 


d.  m. 


As  Sine  Comp,  of  Mid.  Lat. 

27 

3* 

— — 9.66489 

To  Radius  

90 

00 

•— — 10.00000 

So  Departure  —— • 

300 

2.47712 

To  Difference  of  Longitude 

— 

649 

- ..  2.81223 

♦ 

1 

CASE 
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CASE  III.  Both  Latitudes  and  Diftance  given , to  find 
the  Courfe , Departure  and  Difference  of  Longitude. 

A Ship  in  Latitude  of  55<J.  00m.  North,  fails  between 
the  North  and  theEaft  86  Miles,  and  is  then  come  into 
Latitude  10m.  North;  her  Courfe,  Departure,  and 
Difference  of  Longitude  is  required. 

See  the  fame  Queftion,  (only  inverted,  what  is  requi- 
red there  being  given  here)  in  Mercators  Sailing,  Cafe 
the  Fifth. 

For  the  Courfe. 


As  Diftance  

86  — 

1-93449 

To  Radius  ■ — 

fiod.  00m.  — 

10.00000 

Sp  Difference  of  Latitude 

— 

70  — 

1.84509 

To  Sine  Comp,  of  Courfe  — 

• 54 

29  — 

9.91060 

For  the  Departure. 

d. 

m. 

As  Radius  — 

9° 

op  — 

10.00000 

To  the  Diftance  - — — 

86  — 

J-93449 

So  Sine  of  the  Courfe  — — - 

35 

3l  — 

9-764,3 

To  Departure  ■ 

50  — 

1.69862 

For  the  Difference  of  Longitude. 

d. 

m. 

Co.  Ar, 

As  Sine  Comp,  of  Mid.  Lat.' 

— 34 

25  — 

O.24779 

To  Tang,  of  the  Courfe  35 

31  — 

9.85086 

So  Difference  of  Latitude 

■ 

70  — 

1.84509 

To  D iff,  of  Longitude 



88  — 

*•94374 

d. 

m. 

As  Sine  Comp,  of  Mid.  Lat. 

34 

25  — 

9 75220 

To  Radius  — — 

god.  00m,  — 

10.00000 

So  Departure  ■ - 

50  — 

1.69897 

To  Difference  of  Longitude  — — 88  — i-94677 

F 4 ' CASE, 
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CASE  IV.  Both  Latitudes  and  Departure  given , to  find 
Courfe , Difiance , and  Difference  of  Longitude. 

A Ship  in  Latitude  55d,  oom.  North,  fails  between 
the  North  and  Eaft  into  Latitude  $6d.  iom.  North,  her 
Departure  50  Minutes ; the  Courfe,  Diftance,  and  Dif- 
ference of  Longitude  are  required. 

See  the  fame  Queftion  in  Mercator's  Sailings  Cafe  the 
fifth.  ' 

For  the  Courfe , by  Cafe  the  Sixth  of  Plane  Sailing. 

As  Difference  of  Latitude  70  — 1.84509 

To  Radius  9od.  oom.  — x 0.00000 

So  Departure  — 50  — 1.69897 

To  Tangent  of  the  Courfe  — 35  32  — *9.85388 


For  the  Difiance. 

d.  m. 

As  Sine  of  the  Courfe  - 35  32 

To  Departure »-■  50 

So  Radius  « ..........  . go  00 


9.76430 

1.69897 

10.00000 


To  the  Diftance— — — 86-  — 1.93467 

l 

For  the  Difference  of  Longitude. 

d.  m. 

As  Sine  Comp,  of  Mid.  Lat.—  34  25  — 9.75220 

To  Radius  90  00  — 10.00000 

So  Departure — 50  — 1.69897 

To  the  Difference  of  Longitude  — 88  — 1.94677 

CASE  V.  Both  Latitudes  and  Difference  of  Longitude 
given , to  find  Courfe,  Difiance  and  Departure. 

I demand  the  Courfe,  Diftance  and  Meridian  Diftance 
between  two  Places,  one  in  Latitude  56d.  15m.  North, 
and  the  other  in  Latitude  58d.  35m.  North,  their  Dif- 
ference of  Longitude  2d.  30m. 

See  Mercator , Cafe  the  Sixth. 

’ For 
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‘Then  for  the  Courfe. 

As  Difference  of  Latitude  140  Co.  Jr.  7.85387 

To  Difference  of  Longitude 150  2.17609 

So  Sine  Comp,  of  Mid.  Lat. — 57d.  25m.  — 9.73120 

To  Tangent  of  Courfe  — — 32  25  — 9.76116 

m. 

01  — 9.93760 
140  — - 2.14612 
00  — 10.00000 


For  the  Dijiance. 

d. 

As  Sine  Comp,  of  Courfe  — — 60 

To  Difference  of  Latitude  

So  Radius qo 


To  the  Diftance  — — • 


For  the  Departure. 

d.  m. 

As  Sine  of  the  Courfe 60  01 

To  Difference  of  Latitude  140 

So  Sine  of  the  C6urfe  29  * 59 

To  Departure  -■  . 81 


— 1.90726 


Thefe  Five  are  the  moft  neceffary  and  ufeful  Cafes  in 
Middle  Latitude , and  indeed  all  that  are  of  Ufe  in  keep- 
ing a Reckoning;  yet  there  are  feveral  other  Cafes, 
which  I fhall  infert  for  Variety;  but  becaufe  they  are  not 
fo  necefiary  in  Practice,  I fhall  only  fet  down  the  Data 
and  Quajitay  with  the  Canons  or  Proportions  for  finding 
what  is  required,  and  fhall  leave  the  Operations  for  the 
Reader’s  Practice. 


CASE  VI.  One  Latitude , Courfe  and  Departure  given , 
to  find  the  other  Latitude , Diftance  and  Difference  of 
Longitude. 


A Ship  in  Latitude  55 d.  00m  North,  fails  North  35d. 
32m.  Eafterly  till  her  Departure  be  50;  I demand  as 
above.  . , 


For 
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For  the  Difference  of  Latitude. 

As  Sine  Courfe  is  to  Departure ; fo  Sine  Comp,  of 
Courfe;  to  Diff.  of  Latitude. 

The  Difference  of  Latitude  thus  found,  the  Latitude 
come  to  is  eafily  found,  as  in  Mercator , Cafe  the  firft  ; 
and  both  Latitudes  being  found,  the  Middle  Latitude 
is  found,  as  in  Middle  Latitude  Sailings  Cafe  the  firft. 
Then, 

For  the  Difiance. 

As  Sine  of  the  Courfe  is  to  Departure ; fo  is  Radius 
to  the  Diftance. 

For  the  Difference  of  Longitude, 

As  Sine  Comp,  of  Mid.  Lat.  to  Radius ; fo  is  De- 
parture to  Diff.  of  Longitude. 

CASE  VII  One  Latitude , Difiance  and  Departure 
given , to  find  the  other  Latitude , Courfe  and  Difference 
of  Longitude. 

For  the  Courfe. 

As  Diftance  is  to  Radius;  fo  is  Departure  to  the  Sine 
of  the  Courfe. 


For  the  Difference  of  Latitude. 

As  Radius  is  to  the  Diftance  ; fo  is  Sine  Comp,  of  the 
Courfe,  to  the  Difference  of  Latitude.  * 


For  the  Difference  of  Longitude. 

As  Sine  Comp,  of  Middle  Latitude  is  to  Radius ; fo 
is  Departure  to  Difference  of  Longitude. 


CASE  VIII.  Courfe,  Departure  and  Difference  of  Lati- 
tude given , to  find  both  Latitudes  and  Difiance. 


For  the  Di/lance: 

As  Sine  of  the  Courfe  is  to  Departure  ; 
to  the  Diftance. 


fo  is  Radius) 
For 
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For  the  Difference  of  Latitude. 

As  Sine  of  the  Courfe  is  to  Departure ; fo  is  Sine 
Comp,  of  the  Courfe,  to  Difference  of  Latitude. 

For  the  Middle  Latitude. 

As  Difference  of  Longitude  is  to  Departure,  fo  is 
Radius  to  Sine  Comp,  of  Middle  Latitude. 

The  Middle  Latitude  and  Difference  of  Latitude  thus 
found,  both  Latitudes  are  eafily  found;  for  adding 
half  the  Difference  of  Latitude  to  the  Middle  Latitude, 
the  Sum  is  the  greater  Latitude,  and  fubtra&ing  the 
faid  Half  from  the  Middle  Latitude,  the  Remainder  is 
the  leffer  Latitude. 

CASE  I3f.  Middle  Latitude , Courfe  and  Dijtance given, 
to  find  both  Latitude,  Departure  and  Difference  of  Lon- 
gitude. 

For  Difference  of  Latitude,  and  confequently  both  Latitudes. 

As  Radius  is  to  the  Diftance;  fo  is  Sine  Comp,  of 
Courfe  to  Diff  of  Latitude. 

Then  find  both  Latitudes,  as  in  Cafe  the  Eighth. 

Then  for  Departure,  by  Cafe  thefirft  0/ Plane  Sailing. 

As  Radius  is  to  the  Diftance;  fo  is  Sine  of  the  Courfe, 
to  Departure. 

For  the  Difference  of  Longitude. 

As  Sine  Cqm.  of  Middle  Latitude,  to  the  Sine  of 
the  Courfe ; fo  is  the  Diftance  to  the  Difference  of  Lon- 
gitude. 

CASE  X Courfe , Diftance,  and  Difference  of  Longi- 

tude given,  to  find  both  Latitudes  and  Departure. 

For  the  Middle  Latitude. 

As  Difference  of  Longitude  is  to  the  Diftance ; fo  is 
Sine  of  the  Courfe,  to  Sine  Comp,  of  Middle  Latitude. 

'f  ' fcr 
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For  t be  Difference  of  Latitude. 

As  Radius  is  to  the  Diftance;  fo  Sine  Comp,  of  Courier 
to  Difference  of  Latitude. 

Then  find  both  Latitudes  as  in  Cafe  the  Eighth. 

For  the  Departure. 

As  Radius  is  to  the  Diftance;  fo  Sine  of  the  Courfe, 
to  Departure. 

CASE  XI.  Courfe,  Difference  of  Latitude,  and  Diffe- 
rence of  Longitude  given,  to  find  both  Latitudes,  Diftance 
and  Departure. 

\ 

For  the  Middle  Latitude. 

As  Difference  of  Longitude  is  to  Difference  of  La- 
titude; fo  is  Tangent  of  the  Courfe,  to  Sine  Comp,  of 
Middle  Latitude. 

By  Difference  of  Latitude  and  Middle  Latitude  find 
both  Latitudes  as  in  Cafe  the  Eighth. 

For  the  Diftance. 

As  Sine  Comp,  of  the  Courfe  is  to  the  Difference  of 
Latitude;  fo  is  Radius  to  the  Diftance. 

For  the  Departure.  ■ 

As  Sine  Comp,  of  the  Courfe,  is  to  the  Difference  of 
Latitude,  fo  Sine  of  the  Courfe,  to  the  Departure. 

CASE  XII.  Middle  Latitude , Courje  and  Difference  of 
Longitude  given , to  find  both  Latitudes , Diftance  and 
Departure. 

As  Tangent  of  the  Courfe  is  to  Sine  Comp,  of  Mid- 
dle Latitude ; fo  Difference  of  Longitude,  to  Difference 
of  Latitude. 

Then  find  Diftance  and  Departure,  as  in  Cafe  the 
Eleventh. 


CASE 
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CASE  XIII.  One  Latitude , Departure.,  and  Difference 
of  Longitude  given , to find  the  other  Latitude , Courfe  and 
Diftance.  • 

As  Difference  of  Longitude  is  to  Departure ; fo  is 
Radiys,  to  Sine  Comp,  of  Middle  Latitude. 

Subtrafb  the  given  Latitude  and  Middle  Latitude,  the 
lefs  from  the  greater,  the  Remainder  doubled  is  the  Dif- 
ference of  Latitude. 

‘ then  for  the  Courfe. 

As  Difference  of  Latitude  is  to  Radius;  fo  is  Depar- 
ture, to  the  Tangent  of  the  Courfe. 

'Then  for  the  Diftance. 

As  Sine  of  the  Courfe  is  to  Departure;  fo  is  Radius 
to  the  Diftance. 


CHAP.  III. 

Navigation  by  InfpeSiion. 


SECT.  I. 

How  to  work  all  the  Cafes  in  Plane  Sailing , and  to  work  a 
' Tr'averfe ; and  alfo  to  keep  a Reckoning  both  in  Longitude 
and  Latitude , only  by  lnfpebiion  in  the  Table  of  Difference 
pf  Latitude  and  Departure. 

IN  all  Cafes  of  Plane  Sailing,  there  are  always  four 
Terms,  viz.  Courfe,  Diftance,  Difference  of  Lati- 
tude and  Departure,  two  of  which  are  always  given,  to 
find  the  other  two  ; and  in  the  Traverfe  Table,  the 

Courfe  is  to  be  found  in  the  Degrees,  Points,  or 

Quarter 
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Quarter  Points,  at  the  Top  or  Bottom  of  each  Leaf. 
The  Diftance  is  found  in  the  firft  and  laft  Column  of 
each  Page,  and  the  Difference  of  Latitude  and  Depar- 
ture are  found  in  the  reft  of  the  Columns  in  the  Body  of 
each  Leaf  Side  5 and  which  two  of  the  Terms  foever 
you  have  given,  they  being  found  in  their  proper  Pla- 
ces, the  two  required  Terms  may  alfo  be  found  in  the 
correfponding Columns:  I fhall  inftance  an  Example  in 
all  the  fix  Cafes  of  Plane  Sailing:. 

CASE  I.  Courfe  and  Diftance  given,  to  find  Difference 
of  Latitude , and  Departure. 

A Ship  fails  S.  25  Deg.  E.  96  Miles;  I demand  her 
Difference  of  Latitude  and  Departure. 

In  this  Table,  the  Left-hand  Page  in  the  Columns  of 
Diftance  proceeds  from  1 to  50,  and  the  Right-hand 
Page  from  50  to  100,  and  the  given  Diftance  here  being 
above  50,  viz.  96,  look  along  the  Top  of  the  Right- 
hand  Pages  till  you  find  25  Deg.  and  right  under  it,  an'd 
againft  96,  the  Diftance  you  find  87  Min:  or  Miles  for 
the  Difference  of  Latitude,  and  40.6  Min.orMiles  for  the 
Departure,  as  the  Title  at  the  Top  dire&s. 

But  fuppofe  your  Courfe  hath  been  South  65  Degrees 
Eaft,  you  find  65  Degrees  at  the  Bottom  of  the  fame 
Column  where  you  find  25  at  the  Top,  and  againft  96 
the  Diftance,  you  find  Difference  of  Latitude,  and  De- 
parture the  fame,  viz.  87  Miles,  and  40.  6 Miles  only 
with  this  Alteration,  that  now  87  Miles  is  the  Departure, 
and  40.6  Miles  is  the  Difference  of  Latitude  ; whereas 
before  it  was  contrary:  But  to  avoid  Miftakes  herein, 
obferve  where  you  find  the  Decree  of  the  Courle  whe- 
ther at  the  Top  or  Bottom  of  the  Table,  there  find  alio 
the  Title  of  the  Columns  of  Difference  of  Latitude  and 
Departure : Thus,  in  the  firft  Example  of  25  Degrees, 
you  find  the  Degree  at  the  Top,  and  therefore  the  Title 
alfo  at  the  Top  fhews  that  the  firft  of  the  two  Columns 
is  Difference  of  Latitude,  and  the  fecond  the  Departure : 
but  in  the  fecond  Example  of  65  Degrees,  you  find  the 
Degree  at  the  Bottom,  and  therefore  the  Title  being 
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alfo  found  at  the  Bottom,  fhews  the  firft  Column  is  the 
Departure,  and  the  fecond  the  Difference  of  Latitude, 

But  fuppofe  my  Diftance  be  above  100  Miles,  as  in 
the  firft  Example  of  Plane  Sailing  in  the  Book,  which  is,  a 
Ship  fails  N.W.  by  N.  123  Miles;  I demand  her  Dif- 
ference of  Latitude  and  Departure. 

Here,  becaufe  the  Table  reaches  but  to  100,  you 
rauft  take  it  out  at  twice ; thus  the  Courfe  being  N.  W. 
by  N.  3 Points,  I look  for  3 Points,  which  I find  at  the 
Top  of  the  Leaf,  and  under  it  againft  100,  I find, 

Diff.  Lat.  Dep. 
83  . 1 55  . 6 

Then  againft  23 1 find  under  3 Points  19  . 1 12  . S 

102  .2  68  . 4 


Thefe  Sums  added  feverally,  give  102  . 2 for  the 
Difference  of  Latitude  and  68  . 4 for  the  Departure. 

But  fuppofe  your  Diftance  was  fo  great  a Number, 
that  it  would  require  to  be  taken  out  at  a great  many 
Times,  as  in  the  Queftign  in  Cafe  I.  of  Mercator's  Sail- 
ing Trigonometical.  A Ship  fails  987  Miles  N.W.  by  N. 
&c.  you  may  alfo  take  this  out  at  twice ; for  having 
found  3 Points,  you  may  take  out  firft  far  980,  and 
then  for  7 thus : look  under  3 Points,  till  you  come 
down  againft  the  Diftance  98,  and  againft  it  you  have 
81.5,  for  Difference  of  Latitude,  and  54 . 4 for  the 
Departure;  but  becaufe  the  98  is  advanced  a Figure  or 
Place  towards  the  Left-hand,  and  called  980,  and 
therefore  advance  the  other  alfo  a Place  to  the  Left- 
hand,  then  will  the  Diff.  of  Latitude, 
Biff.  Lat.  Dep.  81.5,  become  8 1 5,  and  the  Dcpar- 
8 1 5 544  ture  54 . 4,  will  be  544;  then  finding 

5:8  3.9  alfo  for  the  7,  becaufe  the  whole  Dt- 

dance  is  987,  the  Work  will  ftand  as 

820 , 8 ]|  547  ; 9 in  the  Margin,  and  the  Difference  of 
Latitude  is  820  ; 8,  and  Departure, 


547  • 9- 


Another 
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• Another  Method  very  proper  when  your  given  Di- 
ftance  exceeds  what  is  found  in  the  Table,  is  to  take, 
% or  £,  Ific.  of  your  given  Diftance,  and  find  the  Diff. 
of  Lat.  and  Departure  belonging  to  that,  which  being 
doubled,  if  you  take  half,  or  tripled,  if  you  take  One- 
third,  or  multiplied  by  4,  if  you  took  One-fourth,  &V. 
of  the  given  Diftance-,  the  Numbers  fo  found  lhall  be 
the  Difference  of  Latitude  and  Departure  required. 

Example. 

A Ship  fails  S.S.W.  1 20 ; I demand  Diff.  of  Latitude 
and  Departure. 

Here,  becaufe  tha  Table  goes  not  lo  far  as  120,  I 
take  the  Half  of  it,  viz.  60,  and  againft:  it  under  two 
Points  (becaufe  S.S.W.  is  two  Points  from  the  Meridian) 
I find  55.4,  for  Difference  of  Latitude,  and  23.0,  for 
the  Departure-,  which  two  Numbers  being  doubled, 
(becaufe  I take  but  Half  the  Diftance)  gives  1 10.8,  for 
the  Difference  of  Latitude,  and  46.0  for  the  Depar- 
ture, &c. 

CASE  II.  Courfe  and  Difference  of  Latitude  given,  to 
find  Diftance  and' Departure. 

A Ship  fails  North  38  Deg.  Wefterly,  till  her  Diffe- 
rence of  Latitude  be  120  Miles;  I demand  her  Diftance 
and  Departure. 

1 Becaufe  120  is  not  to  be  found  in  the  Table,  I take 
half  of  it,  viz.  60,  and  finding  38  Deg.  at  the  Top,  I 
look  under  it  till  I find  60  [under  Lat.J  for  Difference 
of  Latitude;  and  right  againft  it,  in  the  Column  of  Di- 
ftance, I find  76,  which  doubled  is  152,  the  Diftance 
required,  and  againft  it  [under  Dep.]  1 find  46.8,  which 
doubled  is  93.6,  the  Departure  required. 


CASE 
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CASE  III.  Courfe  and  Departure  given,  tc  find  the  Di- 
ftance  and  Difference  of  Latitude 

A Ship  fails  S.W.  by  S.  till  her  Departure  be  40 
Miles;  I demand  Diftance  and  Difference  of  Latitude. 

Find  the  Points  at  the  Top,  and  under  it,  in  the  Co- 
lumn of  Departure,  find  40,  againft  which  you  find  72 
for  the  Diftance,  and  59 .9,  for  the  Diff.  of  Latitude. 

CASE  IV.  Difiance  and  Difference  of  Latitude  given , 
to  find  Courfe  and  Departure. 

A Ship  fails  7 1 Miles  in  the  S.W.  Quarter,  her  Dif- 
ference of  Latitude  59  Miles ; I demand  Courfe  and 
Departure. 

Look  for  71  in  the  Column  of  Diftance,  and  run  over 
the  feveral  Columns  of  your  Table,  till  you  find  59  in 
one  of  the  other  Columns  againft  it,  which  being  found, 
obferve  where  you  find  the  Title  [Lat.]  whether  at  the 
Top  or  Bottom  of  the  Table;  for  there  you  find  alio 
the  Courfe,  as  in  this  Example.  I run  over  the  Table, 
till  againft  71,  I find  59.0,  and  the  Title  [Lat.]  being 
at  the  Top,  I find  alfo  the  Courfe  at  the  Top,  viz.  3 
Points,  or  S.W.  by  S.  and  Departure  39.4. 

CASE  V.  Difiance  and  Departure  given , to  find  Courfe , 
and  Difference  of  Latitude. 

A Ship  fails  between  the  South  and  Eaft  1 00  Miles, 
her  Departure  53  Miles ; I demand  the  Courfe  and  Dif- 
ference of  Latitude. 

Look  for  100 in  the  Column  of  Diftance,  and  againft 
it  run  over  your  Table  till  you  find  53  for  the  Depar- 
ture, and  over  it  you  find  32  Degrees  for  the  Courfe, 
and  84.8  for  the  Difference  of  Latitude  required. 


G CASE 
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CASE  VI.  Difference  of  Latitude  and  Departure  given, 
to  find  the  Courfe  and  Difiance. 

A Ship  fails  between  the  North  and  Eaft,  till  her 
Difference  of  Latitude  be  56.0,  and  her  Departure 
35.0 ; I demand  the  Courfe  and  Diftance. 

Look  through  the  Columns  of  Difif.  of  Lat.  and  De- 
parture, till  you  find  56.0,  againft  35.0,  and  over  that 
you  find  32  Degrees  for  the  Courfe,  and  66  Miles  for 
the  Diftance,  &c. 

Note  1 ft.  You  cannot  always  find  exactly  the  Num- 
bers given,  but  find  the  neareft  you  can,  which  will  ge- 
nerally be  of  fufficient  Exattnefs  for  common  Ufe. 

Note  2d.  If  the  Departure  be  greater  than  the  Dif- 
ference of  Latitude,  the  Courfe  is  more  than  four  Points, 
but  if  the  Departure  be  lefs,  then  the  Courfe  is  lefs  than 
four  Points;  and  the  greater  the  Difference  is  between 
thefe  two,  the  more  in  Proportion  will  the  Courfe  differ 
from  four  Points;  by  duly  obferving  this,  a little  Prac- 
tice will  make  you  find  the  Courfe  and  Diftance  with 
Readinefs. 

Note  3d.  If  either  Difference  of  Latitude,  or  Depar- 
ture, or  both,  be  greater  than  the  Extent  of  your  Ta- 
bles, then  Half  or  Quarter,  L?r.  both  of  them,  and  find 
out  as  above,  and  the  Courfe  will  be  the  fame,  but  the 
Diftance  will  be  the  Half,  Quarter,  &V.  accordingly. 


SECT.  II. 

How  to  work  a 1 raverfe  by  the  Tables  of  Difference 
of  Latitude  and  Departure. 

THIS  is  the  principal  Thing  for  which  thefe  Ta- 
bles are  of  Ule,  and  this  Way  of  working  a Tra- 
verfe  is  equal  to  the  beft  for  Exactnefs,  and  much  more 
expeditious,  and  therefore  I have  on  Purpofe  omitted 

Traverfe 
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Traverfe  Sailing  in  the  Trigonometrical  Part  hereof,  as 
being  too  tedious  for  Pradtice  at  Sea. 

I fhall  inftance  in  Queftion  the  firft  of  ‘Traverfe  Sailing 
Geometrical , and  fhall  lolve  the  fame  here  by  the  Table. 

A Ship  S.S.E.  30  Miles,  then  N.  E.  by  N.  40  Miles, 
then  E.  by  N.  25  Miles,  then  N.N.E.  44;  I demand 
the  Courfe,  Diftance,  Difference  of  Latitude  and  De- 
parture, from  the  Place  failed  from. 

Firft,  Make  a little  Table  with  fix  Columns,  as  you 
fee  in  this  Page. 

The  firft  is  the  Courfe. 

The  iecond  the  Diftance. 

The  third  the  Northing. 

The  fourth  the  Southing. 

The  fifth  the  Eafting. 

The  fixth  the  Wefting. 


Courfe. 

Dijl 

North. 

South. 

Haft. 

Weft. 

S.  S.  E- 
NE.byN. 
E.  by  N. 
N.  N.  E. 

3° 

40 

25 

44 

27  . 7 

11  . 5 
22  . 2 

24  • 5 
16  . 8 

33  • 3 

4 • y 
40  . 6 

78  . 8 
27  . 7 

27  : 7 

75  • 0 

m 

Then  by  Cafe  I.  find  the  Difference  of  Latitude  and 
Departure  in  every  Courfe,  and  fet  them  in  their  proper 
Columns ; as  where  the  Courfe  is  Northerly,  fet  the 
Difference  of  Latitude  under  Northing,  or  in  the  North 
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Column,  and  when  the  Courfe  is  Southerly,  fet  the 
Difference  of  Latitude  in  the  South  Column. 

Again,  when  the  Courfe  is  Eafterly,  fet  the  Departure 
in  the  Eaft  Column,  and  when  the  Courfe  is  Wefterly, 
fet  the  Departure  in  the  Weft  Column;  then  adding  up 
each  Column  by  itfelf,  fubtradt  the  North  and  South 
< Columns,  the  leffer  from  the  greater,  the  Remainder  is 
the  Northing  or  Southing  made  good.  Alfo  fubtradt 
the  Eaft  and  Weft  Columns,  the  leffer  from  the  bigger, 
the  Remainder  is  the  Eafting  or  Wefting  made  good ; 
then  have  you  Difference  of  Latitude  and  Departure 
given,  to  find  the  Courfe  and  Diftance,  by  Cafe  VI. 

In  this  Example,  the  firft  Courfe  isE.S.E.  30  Miles; 
or  two  Points  30  Miles ; for  which,  by  Cafe  I.  I find 
the  Difference  of  Latitude  27.7.  Now  the  Courfe 
being  between  South  and  Eaft,  I place  my  Difference 
of  Latitude  in  the  South  Column,  and  my  Departure 
1 1.5,  in  the  Eaft  Column,  leading  the  North  and  Weft 
Columns  blank. 

Then  for  the  fecond  Courfe,  N.E.  by  N.  or  3 Points, 
40  Miles,  here  my  Difference  of  Latitude  33,3,  is  to 
be  placed  in  the  North  Column,  and  the  Departure  22.2, 
in  the  Eaft  Column,  becaufe  the  Courfe  is  between  the 
North  and  Eaft. 

Then  the  third  Courfe  being  E.  by  N.  or  7 Points, 
25  Miles,  I place  my  Difference  of  Latitude,  4.9,  in 
the  North  Column,  and  Departure,  24.5,  in  the  Eaft 
Column. 

And  fo  for  the  fourth  Courfe,  N.N.E.  or  two  Points, 
44  Miles,  I place  my  Difference  of  Latitude,  46.6, 
in  the  North  Columns,  and  my  Departure,  16.8,  in  the 
Eaft  Column,  and  then  adding  up  each  Column,  the  Sum 
of  the  Northing  Column  is  78.8,  and  the  Sum  of  the 
Southing  Column  is  27.7,  which  fubtradfed  from  the 
Northing 78.8,  the  Remainder  51. 1,  is  the  Difference 
of  Latitude  made  good,  which  is  Northing,  becaufe  the 
Northing  was  the  greater  Number. 

Again,  the  Sum  of  the  Eafting  Column  is  75.0,  which 
(becaufe  there  is  no  Wefting  to  fubtradt  from  it)  is  the 
Eafting  made  good.  Thus  you  have  the  Northing,  51.1, 
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and  the  Eafting,  75.0,  given,  to  find  Courfe  and  Diftance, 
by  Cafe  VI.  and  although  you  cannot  find  in  the  Table 
the  exadt  Numbers  of  51.1,  and  75  o,  together,  yet 
find  the  neareft  you  can,  which  is  75.4,  and  50.9,  under 
which,  at  the  Bottom,  you  find  56  Degrees  for  the 
Courfe,  which  is  N.E.  by  E,  neareft,  and  the  Diftance 
91  Miles. 

But  if  you  have  a Place  propofed  that  you  are  bound 
for,  whole  Courfe  and  Diftance  from  the  Place  failed 
from  is  given,  find  thereby  the  Difference  of  Latitude 
and  Departure  to  the  Place  bound  for,  from  which  lub- 
tradt  the  Difference  of  Latitude  and  Departure,  made 
good,  (if  it  be  the  leffer  Number,  or  the  other  from  it, 
if  that  be  the  greater  Number)  the  Remainder  is  the 
Difference  of  Latitude  and  Departure  from  the  Ship  to 
the  Place  bound  for,  by  which  you  may  find  the  Courfe 
and  Diftance  by  Cafe  VI. 

Example.  In  the  firft  Queftion  in  Traverfe  Sailing  Geo- 
metrical, there  is  a Place  propofed  to  be  fail’d  to,  diftant 
120  Miles  N.E.  half  E.  the  Difference  of  Latitude  for 
that  Courfe  and  Diftance  is  found  by  Cafe  I.  to  be  76.2, 
and  the  Departure,  92.8.  Now  the  Difference  of  La- 
titude made  good  by  the  -Ship  being  but  51.1,  if  lub- 
tradled  from  the  whole  Difference  of  Latitude  to  the 
Place  bound  for,  76.2,  it  is  evident  that  the  Remainder 
25.1,  muft  be  the  Difference  of  Latitude  from  the  Ship  to 
the  Place  bound  for.  Alfo  the  Departure  made  good  by 
the  Ship,  75.0  fubtradted  from  the  whole  Departure, 
92.8,  the  Remainder  17.8,  is  the  Departure  from  the 
Ship  to  the  Port  bound  for.  And  thus  you  have  the 
Difference  of  Latitude,  25.1,  and  the  Departure,  17.8, 
to  find  the  Courfe  and  Diftance  by  Cafe  VI.  and  the 
neareft  to  thefe  two  Numbers  that  can  be  found  is  25.4, 
and  17.8,  over  which  you  have  35  Deg.  for  the  Courfe, 
and  againft  it  31  Miles  for  the  Diftance,  viz.  N.E.  by 
N.  id.  15m.  Eafterly,  31  Miles  is  the  Courfe  and  Di- 
ftance to  the  Place  bound  for,  &c. 

But  fuppofe  the  Difference  of  Latitude  made  good 
by  the  Ship  was  more  than  the  Difference  of  Latitude 
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to  the  Port  bound  for,  you  mud  iubtraft  the  leffer  from 
the  greater,  and  the  Remainder  is  the  Difference  of  La- 
titude from  the  Ship  to  the  Port,  but  of  a contrary  De- 
nomination, which  feems  to  be  fo  plain,  that  it  needs 
no  Example;  for  if  a Man  intends  to  travel  to  a Place 
that  bears  due  North  from  him  i 2 Miles  ; if  a Man  tra- 
vels 15  Miles  due  North,  hisCourfe  from  thence  to  the 
Place  bound  for  is  South  3 Miles;  even  fo  if  a Ship  intend- 
ing for  the  Port  aforefaid,  whofe  Difference  of  Latitude 
is  76.2  North,  and  the  Departure  92.8  Eaft,  fhould  fail 
between  the  North  and  Eaft,  till  her  Difference  of  Lati- 
tude be  100  North,  and  Departure  75.0  Eaft,  ’tis  plain 
fhe  is  to  the  Northward  of  her  Port ; becaufe  {he  has  got 
more  Difference  of  Latitude  Northerly;  and  fhe  is  alfo  to 
the  Weftward  of  her  Port,  becaufe  fhe  hath  not  fo  much 
Departure  Eafterly;  and  therefore  fubtrafting  the  leffer 
Difference  of  Latitude  from  the  greater,  the  Remainder 
23.8,  is  the  Difference  of  Latitude  Southerly  from  the 
Ship  to  the  Port  bound  for;  and  the  Departure  57.0, 
fubtradled  from  the  whole  Departure,  92.8,  the  Re- 
mainder, 17.8,  is  the  Departure  Eafterly  from  the  Ship 
to  the  Port  bound  for;  and  in  this  Cafe  the  Courfe  and 
Diftance  would  be  found  by  Cafe  VI.  to  be  S.E.  by  S. 
£ S.  29.5  Miles. 


SECT.  III. 

1 

How  to  find  the  Difference  of  Longitude  by  the  Table  of 
Difference  of  Latitude  and  Departure. 

HAVING  one  Latitude,  Courfe  and  Diftance 
given,  or  both  Latitude  and  Courfe,  &c.  you  may 
find  the  Reft  according  to  Plane  Sailing , by  the  foregoing 
Rules,  which  being  done,  find  the  Middle  Latitude, 
(always  obferving  this  Caution,  to  take  a Latitude  ra- 
ther too  big  than  too  little,  where  the  Middle  Latitude 
cannot  exadly  be  had  without  a Fra&ion,  then  the  Rule 
is : 

Find 
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Find  the  Complement  of  Middle  Latitude  amongft 
the  Degrees  at  the  Top  or  Bottom  of  the  Table,  and 
(under  it  if  you  find  it  at  the  Top,  or  above  it,  if  you 
find  it  at  the  Bottom)  in  the  Column  of  Departure,  find 
your  Departure,  and  right  againft  it,  in  the  Column  of 
Diftance,  is  the  Difference  of  Longitude. 

And  although  this  Method  is  not  fo  practicable  in 
great  Numbers,  yet  it  is  very  ufeful  at  Sea,  for  working 
a Day’s  Run,  or  the  like,  which  feldom  exceeds  50  or 
60  Leagues  ; and  therefore  I fhall  recommend  it  to  the 
Learner,  as  the  moft  expeditious  Method,  and  of  fuf- 
ficient  ExaCtnefs  for  fhort  Diftances  •,  here  being  Me- 
thods fufficient  laid  down  in  this  Treatife  for  more  ex- 
actly correcting  the  Reckoning  once  or  twice  in  a Week, 
of  which  more  when  we  come  to  that  Part. 

However,  fhould  the  Departure  be  too  great  for  the 
Tables,  the  Difference  of  Longitude  may  be  very  nearly 
found  by  this  fmall  additional  Trouble  of  Halfing,  Quar- 
tering, &c.  the  fame,  and  proceed  as  before,  whence 
you  will  have  in  the  diftant  Column,  the  Half,  Quar- 
ter, &V.  of  the  Difference  of  Longitude. 

Note,  If  you  think  it  too  much  Trouble  to  fubtraCt 
the  Middle  Latitude  from  90,  to  find  its  Complement  •, 
you  may  find  the  Middle  Latitude  amongft  the  De- 
grees, as  before;  and  find  the  Departure  in  the  Co- 
lumn of  Difference  of  Latitude,  and  againft  it,  in  the 
Column  of  Diftance,  you  have  the  Difference  of  Longi- 
tude as  before.  4 

I fhall  give  an  Example  or  two,  and  refer  the  Reader 
for  further  Practice  of  this  Method  to  the  Examples  laid 
down  for  keeping  a Reckoning  in  the  latter  Part  of  this 
Book,  where  I fhall  illuftrate  this  Method  by  Exampie, 
and  fhew  its  general  Agreement  with  the  Longitude,  as 
found  by  Mercator’s  Sailing. 

Example  1.  A Ship  in  Latitude  55.0  North,  fails  in 
the  North  Eaft  Quarter,  into  Latitude  56.10,  her  De- 
parture 50 ; I demand  Courfe,  Diftance,  and  Difference 
of  Longitude. 
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See  the  Queftion  in  Cafe  IV.  of  Middle  Latitude 
Sailing  Trigonometrical. 

Difference  of  Latitude  70,  Departure  50,  the  Courfe 
will  be  found  by  Cafe  VI.  of  Plane  Sailing  to  be  36  De- 
grees neareff ; omitting  the  Minutes,  and  the  Diftance 
86. 

The  Middle  Latitude  is  55.35,  but  becaufe  we  have 
only  whole  Degrees,  we  muff  ule  either  55  Degrees, 
or  56 ; and  becaufe,  as  I faid  before,  it  is  belt  to  take  a 
Degree  too  great  rather  than  too  little,  we  lhall  call  it 
56,  whole  Complement  34  found  in  the  Degrees,  look 
under  it  for  the  Departure  50,  the  neareff  Number  to 
which  is  49.8,  againft  which  in  the  Column  of  Diftance, 

I find  89  for  the  Difference  of  Longitude  required. 

Example  2.  In  Cafe  V.  of  Middle  Latitude  Sailing 
Trigonometrical. 

I demand  the  Courfe,  Diffance  and  Difference  of  Lon- 
gitude between  two  Places,  one  in  Latitude  56. 1 5 North, 
the  other  in  Latitude  58.35  North,  their  Meridian  Di- 
ffance 8 1. 

Difference  of  Latitude  140,  Departure  8 1,  the  Courfe 
is  found  by  Cafe  VI.  of  Plane  Sailing  to  be  an  Angle  of 
30  Degrees  from  the  Meridian,  and  the  Diftance  162, 
as  you  may  fee  by  the  Traverfe  Table. 

Then  for  Difference  of  Longitude,  the  Middle  La- 
titude is  57.25,  but  we  muff  call  it  in  this  Cafe  58, 
which  found  in  the  Degrees,  there  is  not  fuch  a Num- 
ber as  81  in  the  Column  of  Latitude ; therefore  find 
its  half  40.5,  or  the  neareff  to  it,  which  is  40.3,  and 
againft  it,  in  the  Column  of  Diftance,  you  find  76,  which 
doubled  is  152,  the  Difference  of  Longitude  required. 

Note , Although  in  particular  Queftions  the  Longi- 
tude found  this  Way  differs  fometimes  a Minute  or  two 
from  that  found  by  Calculation-,  becaufe  we  are  obliged 
to  ufe  whole  Degrees  in  the  Table  for  Middle  Latitude ; 
yet  the  Error  being  fometimes  a Minute  or  two  too 
much,  and  fometimes  as  much  too  little,  the  Difference 
js  not  difcernabie  in  a long  Reckoning. 

CHAP. 
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SECT.  I. 


Plane  Sailing  Arithmetical. 

HAVING  thus  finifhed  all  the  Kinds  and  Cafes  of 
Navigation  in  the  foregoing  Book,  according  to 
the  Method  commonly  taught,  and  pradlifed  both  at 
Sea  and  a-fhore,  viz.  by  a Canon  of  Logarithmetical 
Sines,  Tangents,  and  Secants,  (together  with  the  Help 
of  the  Logarithms  and  natural  Numbers)  my  next 
Work  is  (according  to  my  Promife)  to  fhew,  how  all 
the  aforefaid  Kinds  of  Navigation  may  be  compleatly 
performed  without  any  Canon,  only  by  the  Help  of 
fome  given  Numbers,  (which  fhall  be  inferted  in  their 
proper  Places)  which  are  of  Ufe  where  the  Courfe  is 
either  given  or  required:  And  firft  in  Order,  I fhall  be- 
gin with  Plane  Sailing , in  which  the  three  firft  Cafes  are 
wrought  only  by  the  Table  of  given  Numbers,  as  alfo 
are  thofe  Queftions  in  the  three  laft  Cafes  where  the 
Courfe  is  required ; But  the  Solution  of  all  Queftions 
in  Plane  Sailing , when  two  Sides  are  given  to  find  a 
third  (as  Diftance  and  Difference  of  Latitude  given  to 
find  Departure,  &V.)  are  grounded  upon  that  known 
Propofition  in  Euclid , Lib.  i.  Prob.  47.  viz.  That  the 
Square  of  the  Hypotenufe  (called  there  the  Bafe,  be- 
caufe  it  is  the  longeft  Side)  of  right-angled  Triangle, 
is  equal  to  the  Squares  of  both  Legs  added  together. 
Hence  then  (the  Hypotenufe  reprefenting  the  Diftance, 
and  the  two  Legs  the  Difference  of  Latitude  and  De- 
parture (if  you  fquare  each  Leg,  that  is,  multiply  each 
Leg  by  itfelf)  thefe  two  Sums  added  together  fhall  be 

equal 
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equal  to  theSquare  of  theHypotenufe;  and  confequently, 
if  from  the  Square  of  the  Hypotenufe  you  fubtradt  the 
Square  of  one  Leg,  the  Remainder  is  the  Square  of  the 
other  Leg,  as  may  be  proved  bythofe  three  known  Num- 
bers, 3,  4,  and  5,  which  three  Numbers  make  a Right- 
angled  Triangle-,  the  two  Legs  being  3 and  4,  and  the 
Hypotenufe  5.  Now  if  you  fquare  the  two  Legs,  3 
Times  3 is  9,  and  4 Times  4 is  16,  which  two  Squares 
of  16  and  9 added  together,  the  Sum  is  25,  the  Square 
of  5 the  Hypotenufe.  Again,  if  from  25,  the  Square 
of  the  Hypotenufe,  you  fubtradt  1 6,  the  Square  of  one 
Leg,  there  remains  9,  the  Square  of  the  other  Leg,  &V. 
And  when  the  Square  of  any  Side  is  thus  found,  the 
Square  Root  thereof  is  the  Side  required. 

Alfo  with  refpedt  to  the  given  Numbers,  if  Courfe 
and  Diftance  be  given,  multiply  the  Diftance  by  the 
given  Numbers,  as  the  Title  of  the  Table  diredts  for 
Latitude  and  Departure,  (whofe  Ufe  follows  in  feveral 
Examples)  the  Produdt,  abating  as  many  Figures  to 
the  Right  hand  as  you  multiply  by,  is  the  Difference 
of  Latitude  or  Departure  required:  Now  if  the  Hypo- 
tenufe multiplied  by  the  given  Numbers,  it  produces  a 
Leg,  only  two  Figures  are  to  be  cut  off;  the  faid  Leg 
being  alfo  given,  and  two  Figures  (or  Cyphers)  added 
to  it,  and  divided  by  the  faid  given  Number,  the  Quo- 
tient mud  needs  be  the  Hypotenufe;  and  if  fo,  then 
if  the  faid  Leg,  with  two  or  more  Figures  (or  Cyphers) 
added  to  it,  be  divided  by  theHypotenufe,  the  Quoti- 
ent muft  needs  be  the  given  Number,  as  is  apparently 
evident  to  almoft  every  Body  that  have  but  learned  the 
firft  Rudiments  of  Arithmetick,  and  underftand  (what 
every  School  Boy  is  taught)  how  Multiplication  and 
Divifion  will  undo  and  prove  each  other;  and  hence 
any  two  Parts  of  a Queftion  of  Plane  Sailing  being  given, 
the  Reft  may  be  found  by  the  Square  Root,  and  one 
Table  of  given  Numbers;  all  the  Cafes  except  the  fixth, 
being  wrought  immediately  by  the  given  Numbers; 
and  even  in  the  fixth  Cafe,  where  the  two  Legs  are  gi- 
ven. 
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ven,  the  Hypotsnufe  br  Diftance  may  be  found  by  the 
Square  Root,  and  then  the  Courfe  as  in  the  other  Cafes  ; 
as  I fhall  explain  by  the  following  Example. 


A T A B L E of  Given 
Numbers. 

Points 

Latit. 

Depar. 

Points 

0 4 

99.88 

04.91 

7 i 

0 \ 

9952 

09.79 

7 i 

O 4 

98.92 

14.66 

7 * 

1 

98.08 

195l 

7 

1 i 

97.01 

24.30 

6 * 

95-7° 

29  02 

6 i 

I -2- 

1 4 

94.16 

33.68 

6 k 

2 

92-39 

38.27 

6 

2 4 

90.40 

42.76 

5 i 

2 £ 

88.20 

47-'3 

5 i 

2 | 

8578 

51.40 

5 i 

3 

83-*5 

55-5^ 

5 

3 i 

80.32 

59-57 

4 * 

3 \ 

77- 3° 

63-44 

4 * 

6 4 

74.10 

67-f5 

4 4 

4 

70.71 

7°-7I 

4 

Points 

Depar. 

Latit. 

Points 

The  Ufe  of  this  Table 
is  for  working  the  fix  Cafes 
of  Plane  Sailing , in  which 
obferve,  that  in  the  firft 
and  laft  Columns  you  have 
the  Rumbs  or  Points  of 
[the  Compafs,  with  the  half 
Points,  and  quarter  Points, 
numbered  from  the  Meri- 
[dian,  or  North  and  South 
Line,  either  Eaft  or  Weft, 
according  as  they  ftand  in 
Order;  thus  S.  S.  W.  is 
|two  Points,  becaule  South 
'is  upon  the  Meridian,  then 
by  W.  is  one  Point,  and 
|S.  S.  W.  two  Points,  &c. 
So  likewife  N.  N.  E.  and 
N.  N.  W.  is  two  Points 
n the  North.  Again, 


* » k — " 

S.  that  is,  three  Points 


E.  is  two  Points  and 
irter ; which  being 


x 

♦ 

a 

a 


The  Number  of  Points 
which  Side  of  the  Table 
you  find  the  Courfe  at  the 
Denomination  of  Latitude 
But  if  the  Courfe  be  on  the 


thus  found,  obferve  on 
they  are  found,  . for  if 
Left-hand,  then  find  the 
and  Departure  at  the  Top: 

_ . - 4 i “'»*•>  »*  w»mw  \>v/UI  IV  L/V>  Ull  IUK 

Right-hand  find  the  Denomination  of  Latitude  and  De- 

ture 
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parture  at  the  Bottom;  for  the  Left-hand  Column  con- 
tains all  Points  under  four  Points,  and  the  Right- 
hand  Column  contains  all  the  Reft  of  the  Points  to  eight. 
Now  if  the  Courfe  be  found  in  the  firft  Columns,  {viz. 
lefs  than  four  'Points)  then  the  fecond  Column  contains 
the  given  Numbers  for  Difference  of  Latitude,  and  the 
third  Column  is  the  given  Numbers  to  find  Departure  . 
But  if  the  Courfe  be  in  the  laft  Column,  {viz.  above  the 
four  Points)  then  the  third  Column  is  the  given  Num- 
bers to  find  Difference  of  Latitude,  and  the  fecond  is 
for  the  Departure,  &V.  And  the  Ufe  of  the  Table  be- 
ing thus  known  for  the  firft  Cafe,  the  Reft  is  eafily  found 
by  Confequence,  as  we  have  hinted  before,  and  Ihall 
make  it  evident  and  intelligible  to  the  meaneft  Capacity, 
by  the  following  Examples. 

Note-,  If  you  have  a given  Number,  with  a Cypher 
on  the  Left-hand,  (as  in  7^  and  7^  Points)  although 
a Cypher  adds  Nothing  to  the  Product  (being  on  the 
Left-hand)  yet  it  caufeth  a Figure  more  to  be  cut  off 
from  the  Decimal  Fra&ion;  and  having  cut  off  as  many 
Figures  towards  the  Right-hand  as  you  multiply  by, 
the  Reft  is  the  Latitude  or  Departure  fought,  and  thofe 
cut  oft'  are  a Numerator  of  a Decimal  Fraction  to  a De- 
nominator, confiding  of  as  many  Cyphers  as  you  cut  off 
Figures,  with  a 1 at  the  Left-hand;  fo  if  you  cut  off 
97,  it  is  7VS,  or  if  you  cut  off  342,  it  is  and  fo 

of  the  Reft. 

Note-,  When  you  have  found  the  given  Number  in 
the  Table,  you  need  not  always  ufe  all  the  four  Figures, 
efpecially,  if  the  third  or  fourth  be  a fmall  Digit,  as  1 or 
2,  as  fuppofe  your  given  Number  be  8315,  here  the 
third  Figure  being  a 1,  you  may  cut  off  the  two  laft 
Figures,  and  ufe  only  83  to  work  with.  Again,  if  the 
third  Figure  be  one  of  the  higheft  Digits,  as  8 or  9, 
you  may  cut  off  the  two  laft,  only  add  one  to  the  fecond 
Figure,  and  fo  work  as  before;  as  fuppofe  your  Num- 
ber be  2899,  you  may  add  1 to  the  fecond  Figure,  viz. 
8,  and  then  cut  off  the  two  laft,  and  then  your  Num- 
ber 
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ber  to  work  with  will  be  29 ; the  Reafon  of  all  which  is 
very  evident  to  any  that  underftand  the  Nature  of  De- 
cimals, and  will  by  a little  Practice  become  eafy  to  the 
meaneft  Capacity. 


Plane  Sailing. 

CASE  I.  Courfe  and  Difiance  given,  to  find  the  Diffe- 
rence of  Latitude  and  Departure. 


5 The  RU  L E. 

Multiply  the  Diftance  by  the  given  Numbers  for  the 
Courfe,  and  from  the  Produft  cut  off  as  many  Figures 
as  you  multiply  by,  and  the  Reft  is  Difference  of  Lati- 
tude and  Departure  required. 

Queftion.  A Ship  fails  N.W.  by  N.  123  Miles;  I 
demand  her  Difference  of  Latitude  and  Departure  ? 

The  given  Number  for  Difference  of  Latitude  being 
8315,  we  fhall  only  ufe  83,  and  cut  off  the  other  two 
Figures,  (towards  the  Right-hand)  and  multiplying 
the  Diftance  123,  by  the  given  Number  83,  and  from 
the  Produft  cut  off  two  Figures,  (becaufe  you  multiply 
by  two  Figures)  you  have  Difference  of  Latitude ; but 
for  Departure  the  given  Number  is  5556,  the  third  Fi- 
gure being  a 5,  we  fhall  for  more  Exafinefs  ufe  three 
Figures,  viz.  555,  and  work  as  before:  The  Operation 
for  Difference  of  Latitude  and  Departure  will  ftand  thus : 


For  the  Diff.  of  Latitude. 

123 
83 

3% 

984 

102(09 


For  Departure: 

123 

555 


615 

615 

615 


68(255 

The 
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The  Difference  of  Latitude  is  102  T%97,  the  Departure 
is  68  TV«V;  hut  you  need  not  regard  the  Fradions, 
only  if  a Fraction  be  confiderably  above  Half  of  one 
Mile,  or  Minute,  you  may  add  1 to  the  whole  Number; 
as  fuppofe  your  Fradion  be  78,  viz.  you  may  add 
I to  the  whole  Number,  and  rejed  the  Fradion,  &c. 

Another  Example  in  Cafe  I. 

A Ship  fails  N.N  W.  \ W.  165  Miles;  I demand 
the  Difference  of  Latitude  and  Departure. 


N.N.W.  % W.  is  2 | Points. 

For  Biff,  of  Lat. 

165 

88 


For  Depart. 

165 

47 


1320 

1320 


Il55 

660 


145(20  Diff.  Lat.  145.  77I55 

Dep.  77,  or  rather  78,  becaufe  the  Fradion  is  Ty*. 

CASE  II.  Courfe  and  Difference  of  Latitude  given , to 
find  Difiance  and  Departure. 

the  RU  L E. 

For  the  Diftance,  add  as  many  Cyphers  to  the  Dif- 
ference of  Latitude  as  the  Number  of  Figures  you 
think  to  make  ufe  of  in  the  given  Number,  and  then 
divide  it  by  the  given  Number,  and  the  Quotient  is 
the  Diftance,  which  being  found,  find  the  Departure  as 
in  Cafe  I. 

£> ueftion . A Ship  fails  S.  W.  by  S.  till  her  Difference 
of  Latitude  be  174;  I 4wahd  the  Diftance  and  Depar- 


ture. 


The 
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The  Courfe  is  3 Points,  the  given  Number  8315  and 
£556- 


For  the  Dijlance.  For  Departure. 

83)17400(209  Dift.  209 

• • 800  555 


53  io45 

*045 

io45 

TI5l995 

The  Diftance  209,  and  Departure  1 15,  or  rather  1 16, 
becaufe  the  Fradtion  isfo  great,  viz.  above  T95. 

CASE  III.  Courfe  and  Departure  given,  to  find  Difiance , 
and  Difference  of  Latitude. 

The  RU  L E. 

Add  fo  many  Cyphers  to  the  Departure  as  you  think 
to  ufe  Figures  in  the  given  Number-,  and  then  divide 
by  the  given  Number  anfwering  to  Departure,  and  the 
Quotient  is  the  Diftance,  which  being  found,  find  the 
Difference  of  Latitude,  as  in  Cafe  I. 

Quefiion.  A Ship  fails  N.  by  E.  f E.  till  her  Depar- 
ture be  72  ; her  Diftance  and  Difference  of  Latitude  is 
required. 

See  Example  the  Second,  in  Cafe  III.  of  Plane  Sail- 
ing. 
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For  the  Diftance. 

337)7 2000(213 
•460 


For  Diff.  Lat. 

214 

94 


1230 


219 


856 

1926 


20l|l6 


The  Diftance  is  214,  being  fo  large  a Fraction,  and 
the  Difference  of  Latitude  is  201.  , 


CASE  IV.  Diftance  and  Difference  of  Latitude  given, 
to  find  the  Courfe  and  Departure. 


The  RULE. 

Square  the  Diftance  (that  is,  multiply  by  itfelf)  and 
likewife  the  Difference  of  Latitude,  and  fubtradt  the 
lefler  Number  from  the  greater,  the  Square  Root  of 
the  Remainder  is  the  Departure  required ; and  then  for 
the  Courle,  add  two  or  three  Cyphers  to  the  Difference 
of  Latitude,  and  divide  that  Sum  by  the  Diftance,  the 
Quotient  is  the  given  Number  for  the  Courfe,  which 
being  found  in  the  Table,  you  have  againft  it  the  Courfe 
required. 

Note ; If  you  cannot  find  exadtly  the  fame  Numbers 
(which  feldom  happens)  find  the  neareft  to  it,  which  is 
fufficient,  and  find  the  Courfe  to  the  neareft  Quarter 
Point. 

Quejlion.  A Ship  fails  between  the  North  and  Eaft  1 10 
Miles  j and  then  finds  by  Obfervation,  that  (he  hath 
raifed  the  Pole  1 Degree,  or  60  Min,  or  Miles ; I de- 
mand the  Courfe  apd  Departure. 


For 


Digitized  by  Google 


97 


Se£t.  I.  Plane  Sailing  Arithmetical. 


For  the  Courfe. 

110)60000(545 

.50 

600 


.50 


1 10 
1 10 

1100 

no 

12100 


For  the  Departure. 

60  Sq.  of  Did.  1 2 100 
60  Sq.Diff.Lat.  3600 

3600  Diff.  of  Sq.  8500 
• • 

8500(92 

81 


182)400 

364 


36 

The  Quotient  545  fought  in  the  Table,  the  neared 
given  Number  is  555,  and  againd  that  for  the  Courfe, 
you  have  5 Points,  which  is  N.  E.  by  E.  becaufe  the 
Courfe  is  between  North  and  Ead,  and  the  Departure 
is  92,  for  you  need  not  regard  the  Fradtion  in  the 
Square  Root,  it  being  but  a fmall  Part  of  a Mile  or 
Minute. 

CASE  V.  Dijiance  and  Departure  given , to  find  Courfe 
and  Difference  of  Latitude. 

The  R U L E. 

Subtract  the  Square  of  the  Departure  from  the  Square 
of  the  Didance,  the  Square-Root  of  the  Remainder  is 
the  Difference  of  Latitude  •,  and  then  find  the  Courfe 
as  in  Cafe  IV.  only  mind  to  find  the  Quotient  in  the 
Departure  Column. 

'uefiion . A Ship  fails  in  the  S.W.  Quarter  124  Miles, 
her  Departure  95  ; I demand  the  Courfe  and  Difference 
of  Latitude. 


H 


For 
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For  the  Courfe. 

For  the  Biff,  of  Lat. 

124)95000(7 66 

124 

95 

Sq.  of  Dift. — 15376 

•82 

124 

95 

Sq.  of  Depart.  9025 

•760 

• 

Diff.of  Squares  6351 

16 

496 

475 

• • 

248 

855 

*35'(.79 

mm 

124 

9025 

49 

15376  «49)!45* 

1341 


no 

The  Courfe  is  S.W.  j W.  neareft;  for  the  greateft 
given  Number  to  the  Quotient  766  is  773,  which  is  the 
Number  for  four  \ Points,  or  S.W.  £ W.  and  the  Dif- 
ference of  Latitude  is  79,  or  rather  80,  becaufe  the 
Remainder  of  the  Square  Root  is  fo  great : And  here 
obferve,  for  a general  Rule,  that  becaufe  the  laft  Re- 
mainder in  the  Extradlion  is  a Numerator  to  twice  the 
Root  for  a Denominator ; therefore  if  the  laft  Remain- 
der be  more  than  the  Root,  add  one  to  the  Root,  and 
that  will  be  the  Root  exadt  enough  in  this  Cafe-,  but  if 
the  Remainder  be  lefs  than  the  Root  found,  the  Root 
is  the  neareft  whole  Number  thatanfwers  the  Queftion, 
and  you  need  not  regard  the  Fraction  at  all : Thus  in 
the  Example,  Cafe  IV.  the  Root  is  92,  and  the  Re- 
mainder is  but  36,  and  therefore  I keep  92,  for  the  De- 
parture, and  rejedt  the  Fra&ion.  But  in  the  Example 
Cafe  V.  the  Root  is  79,  and  the  Remainder  is  more  than 
the  Root,  viz.  1 10  •,  and  therefore  I add  one  to  79,  and 
the  Sum  80  is  the  Difference  of  Latitude  required,  and 
fo  in  others. 


CASE 
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CASE  VI.  Difference  of  Latitude  and  Departure  given , 
to  find  the  Courfe  and  Difiance.  » 

The  RU  L E. 

Square  the  Difference  of  Latitude,  and  alfo  the  De- 
parture, and  add  the  two  Squares  together ; the  Square 
Root  of  the  Sum  is  the  Diftance  required  j and  then  find 
the  Courfe,  as  in  Cafe  IV.  or  Cafe  V. 

Quefiion.  A Ship  fails  in  the  N.W.  Quarter,  till  her 
Difference  of  Latitude  be  220,  and  her  Departure  108 ; 
I demand  the  Courfe  and  Diftance. 


For  the  Difiance. 

220  108  Square  of  Diff.  Lat.  48400 

220  108  Square  of  Departure  11664 

44  864  Sum  of  the  Squares  60064 

44  1080  • • * 

— - 60064(245 

48400  11664  4 


For  the  Courfe 


44)200 

176 


245)220000(867 

2400 

*95° 


395 


485)2464 

2425 


39 


The  Courfe  is  2 Points  and  a Quarter,  or  N.N.W. 
£ W.  the  Diftance  245  Miles.  * 

Although  the  Operation  in  this  Cafe  feems  the  raoft 
tedious  of  all  the  reft,  becaufe  we  have  affumed  greater 
Numbers  for  the  Data  of  the  Queftion,  yet  even  in  the 
greateft  Numbers,  this  Way  is  much  more  expeditious 

H 2 than 
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than  working  by  a Canon,  as  a little  Pradtice  will  make 
manifeft. 


SECT.  II. 

Mercator  s Sailing  Arithmetical. 

WHAT  I have  wrote  of  Plane  Sailing  is  alfo  of  life 
in  Mercator's  Sailing , fo  far  as  Courfe,  Diftance, 
Difference  of  Latitude,  and  Departure,  are  Terms  ei- 
ther given  or  required  •,  and  the  fame  Table  of  given 
Numbers  is  of  equal  Ufe  in  both  ; and  as  for  the  Dif- 
ference of  Longitude,  it  bears  the  fame  Proportion  to 
the  Departure,  that  the  Meridional  Difference  of  La- 
titude bears  to  the  true  Difference  of  Latitude,  by  Eu- 
clid. Lib.  6 • Prop.  4.  and  indeed  by  the  Help  of  a Ta- 
ble of  Meridional  Parts,  the  whole  Pradtice  of  Plane 
Sailing , as  performed  by  given  Numbers,  may  be  re- 
duced to  Mercator , by  Euclid.  Lib.  6.  Prop . 4.  For  both 
being  projedted  by  a Plane  Triangle,  and  the  Courfe, 
whether  given  or  required,  being  the  fame  in  both, 
there  mull  needs  be  the  fame  Proportion  between  the 
enlarged  Diftance,  and  the  true  Diftance,  (they  being 
fuppofed  to  be  the  Hypotenule  of  2 Equiangular  Tri- 
angles) or  between  the  Difference  of  Longitude  and 
Departure,  (the  Perpendiculars  of  the  faid  2 Equiangu- 
lar Triangles)  as  there  is  between  the  Meridional 
Difference  of  Latitude,  and  the  proper  Difference  of 
Latitude,  (being  the  Bafes  of  the  faid  two  Triangles) 
and  upon  theie  Propofitions  the  whole  Fabrick  of 
Mercator's  Sailing  is  grounded  ; the  exadt  Truth  of 
which  is  proved  not  only  by  the  Demonftration  of  Euclidy 
in  the  Propofition  above-named  ; but  alfo  by  comparing 
the  Queftions  thereby  performed  with  thofe  in  the  firlt 
Parr,  performed  by  a Canon,  in  which  I (hall,  for  the 
Reader’s  Satisfadlion,  refer  to  the  faid  Queftion,  as  in 
the  following  Examples, 


CASE 
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CASE  I.  One  Latitude , Courfe  and  Di/lance  given,  to 
find  the  other  Latitude , Departure  and  Difference  of 
Longitude . 

The  RU  L E. 

Find  Difference  of  Latitude  and  Departure,  as  in  Cafe 
I.  of  Plane  Sailing  Arithmetical ; and  then  for  Difference 
of  Longitude,  the  Proportion  is,  As  proper  Difference 
of  Latitude,  is  to  Meridional  Difference  of  Latitude  j fo 
is  Departure,  to  Difference  of  Longitude. 

Quefiion.  A Ship  in  Lat.  5od.  oom.  North,  fails  N.W: 
by  N.  987  Miles ; I demand  the  Latitude  come  to  ; 
together  with  her  Departure,  and  Difference  of  Longi- 
tude. 


For  Difference  of  Latitude . 

For  Departure. 

987 

987 

555 

2961  ' 

4935 

7896 

4935 

8 1 9(2  K* 

4935 

5471785 

Diff.  of  Lat.  819  or  rather  820,  pep.  548,  Merid. 
Diff.  of  Lat.  1519,  then  for  Diff.  of  Longitude  ; 

As  820  to  1519,  fo  548  to  Diff.  of  Longitude. 

i5x9  820)832412(1015 

548  . 124 

— ■ * 4212 

12152  — 

6076  112 

7595 


832412 

H 3 CASE 
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CASE  II.  Both  Latitude  and  Courfe  given , to  find  the 
Difiance , Departure,  and  Difference  of  Longitude. 

The  RU  L E. 

Find  the  Diftance  and  Departure,  as  in  Cafe  the  Se- 
cond of  Plane  Sailing  Arithmetical , and  then  find  the 
Difference  of  Longitude,  as  in  thefirft  Cafe  of  Merca- 
tor's Sailing. 

Quefiion.  A Ship  fails  from  a Port  in  Latitude  56d. 
25m.  North,  and  fails  away  N.N.E.  feveral  Days,  and 
then  finds  herfelf  by  Obfervation  in  Latitude  68d.  30m. 
North  ; I demand  how  far  fhe  hath  failed,  and  what  is 
her  Difference  of  Longitude  ? 


For  the  Difiance. 


For  the  Departure. 


924)725000(784 
• 7820 
4280 


5*4 


785 

383 

2 355 
6280 

2355 


300)655 


As  725  to  1593,  fo  300  to  Diff.  Longitude. 

300  725)47790o(659 

• 4290 

477900  *6650 


125 


The  Diftance  is  784  or  rather  785,  The  Depar- 
ture 300,  and  the  Difference  of  Longitude  659  or 
660. 


CASE 
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CASE  III;  One  Latitude , Courfe,  and  Diference  of 
Longitude  given , to  find  the  other  Latitude , Difiance  and 
Departure. 


The  RU  L E. 

Add  fo  many  Cyphers  to  the  Difference  of  Longitude 
as  you  intend  to  ul'e  Figures  in  the  given  Number  to 
divide  by,  and  work  as  in  Cafe  III.  of  Plane  Sailing  A- 
rithmetical  j only  obferve,  that  whereas  the  Quotient 
there  is  the  true  Diftance,  becaufe  you  work  by  Depar- 
ture, here  the  Quotient  is  the  enlarged  Diftance  or  the 
whole  Hypotenufe  contained  between  the  Angle  of  the 
Courfe,  and  the  Top  of  the  longeft  Perpendicular  repre- 
fenting  the  Difference  of  Longitude  •,  and  then  the  enlarg- 
ed Diftance  being  found,  from  the  Square  of  the  enlarged 
Diftance,  fubtradt  the  Square  of  the  Difference  of  Lon- 
gitude, the  Square  Root  of  the  Remainder  is  the  Me- 
ridional Difference  of  Latitude,  which  being  found,  the 
one  Latitude  given,  the  other  Latitude  is  eafily  found : 
Then  for  Departure,  it  is  only  the  former  Proportion 
inverted,  viz.  As  Meridional  Difference  of  Latitude  to 
proper  Difference  of  Latitude,  fo  Difference  of  Longi- 
tude to  Departure. 

Quefiion.  A Ship  in  Lat.  53d.  00m.  North,  fails 
N<N.W.  half  W.  till  her  Difference  of  Longitude  be  id. 
or  60m.  I demand  the  Diftance,  Departure,  and  Lati- 
tude come  to. 

For  the  enlarged  Difiance. 

47)6000(1271)  Square  of  the  enlarged  Diftance  16215 
130  Square  of  Diff.  of  Longitude  3600 

360  

— — . Difference  of  the  Squares  — 12685 

3i 

H4  12685 

4 
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• • • 

12685(112 

x 

21)026 

21 


222)585 

444 


141 

Merid.  Parts  of  Lat.  fail’d  from  54d.  00m.  — 3968 
Merid.  Diff.  Lat.  add  > ■ ■ ■ 113 


Merid.  Parts  of  Lat.  come  to— 56  04  408 1 

As  Merid.  DifF.  Lat.  113  to  proper  Diff.  Lat.  64,  fo 
is  the  enlarged  Dift.  128  to  the  true  Diff.  72^. 

128  113)8192(72 

64  .282 


5*2  *56 

7* 


8192 

For  the  Departure. 

As  Merid.  Diff.  Lat.  1 1 3,  is  to  proper  Diff.  Lat.  64 
fois  Diff.  of  Longitude  60,  to  Departure. 

64  1 * 3)384o(33  Dep.  or  rather  34; 

60  .450 


3840  hi 


CASE 
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CASE  IV.  Both  Latitudes  and  Dijlance  given , to  find 
the  Courfe , Departure  and  Difference  of  Longitude. 

Fhe  RU  L E. 


Find  the  Courfe  and  Departure,  as  in  Cafe  VI.  of  Plane 
Sailing  Arithmetical , and  then  find  Difference  of  Longi- 
tude, as  in  Cafe  I.  of  Mercator's  Sailing  Arithmetical. 

^uefiion.  A Ship  in  Lat.  53d.  00m.  North,  fails  be- 
tween the  North  and  Eaft  86  Miles,  and  then  is  by  Ob- 
fervation  in  Lat.  56d.  10m.  N.  I demand  as  above. 


See  the  fame  Queftion  in  Mercator's  Sailing , Cafe  V. 
For  the  Departure. 


86  Sq.  ofDift. 7396 

86  70  Sq.  ofDiff.  of  Lat.  4900 

70 

516  Diff.  ofSq.  2496 

688  4900 


2496(49 

16 


89)896 

801 


7396 


95 


For  the  Courfe. 


For  the  Difference  of  Longitude. 


86)70000(813 

120 

340 

82 


As  70  to  124,  fo  50  to  Diff.  Long: 
50  70)6200(88^ 

■ .600 

6200  ■ ■-  ■ ■ 

40 


The  Departure  50,  the  Courfe  N.E.  f N.  the  Diff*. 
of  Longitude  88  f or  rather  89. 


CASE 
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CASE  V.  Both  Latitudes  and  Departure  given,  to  find 
the  Courfe , Diftance , and  Difference  of  Longitude. 

The  RU  L E. 


Find  the  Courfe  and  Diftance,  as  in  Cafe  VI.  of  Plane 
Sailing  Arithmetical ; and  Difference  of  Longitude,  as  in 
the  firft  Cafe  of  Mercator’s  Sailing  Arithmetical. 

Gfiejtion.  A Ship  in  Lat.  53d.  om.  North  fails  between 
the  North  and  Eaft  into  Lat.  56d.  10m.  North,  her  De- 
parture 50  Miles ; I demand  the  Courfe,  Diftance  and 
Difference  of  Longitude. 

For  the  Diftance. 

70  50  Sq.  of  Diff  Lat.  4900  7400(85 

70  '50  Square  of  Dep.  2500  64 

4900  2500  Sum  of  Squares  7400  1 66)  1000 

996 


004 

For  the  Courfe.  For  Diff.  of  Long. 


86)70000(813 

120 

340 


82 


As  70  to  124,  fo  50  to  Diff.  of  Long. 
5° 

— — 70)6200(88^ 

6200  60 


40 


The  Courfe  is  N.E.  £ N.  the  Diftance  86  j the  Diffe- 
rence of  Longitude  88  £ or  rather  89. 


CASE 
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CASE  VI.  Both  Latitudes  and  Difference  of  Longitude 
given,  to  find  Courfo,  Difiance , and  Departure. 

<The  RU  L E. 

Square  the  Difference  of  Longitude,  and  alfo  Meri- 
dional Difference  of  Latitude,  the  Square  Root  of  the 
Sum  of  thefe  two  Squares  is  the  enlarged  Difiance : 
Then,  as  Merid.  DifF.  of  Latitude,  is  to  proper  Diff.  of 
Latitude  •,  fo  is  the  enlarged  Difiance,  to  the  true  Di- 
fiance : And  then  find  the  Courfe  as  in  Plane  Sailing  A- 
ritbmetical , Cafe  IV. 

Queftion.  Suppofe  two  Places,  one  in  Lat.  56 d 15m. 
North,  the  other  in  Lat.  58d.  35m.  their  Diff.  of  Long. 
2d.  30m  or  150  Min.  I demand  the  Courfe  and  Di- 
fiance from  the  Southermofl  to  the  Northermofl. 

For  the  Difiance. 

150  260 

150  260 

75  >56 

15  5a 

22500  6760O 


Sq.  of  Mer.  Diff.  of  Lat.  67600 
S’q.  of  Diff.  of  Long.  — 21500 

1 — 

Sum  of  the  Squares  — — 90100 
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As  260  to  140,  fo  300  to  the  Diftance. 

300  260)420000(161  For  the  Courfe. 

- - ■ 160  161)140000(869 

42000  ,.400  1120 

1540 


140 


The  Diftance  161. 


091 

The  Courfe  N.N.W.  £ W. 


CASE  VII.  One  Latiude,  Courfe , and  Departure 
given , to  find  the  other  Latitude , Diftance , and  Diffe- 
rence of  Longitude. 

The  RU  L E. 


Find  the  jpiftance  by  Cafe  III.  of  Plane  Sailing  Arith- 
metical, and  the  Difference  of  Latitude  as  in  Cafe  V.  of 
the  fame*  and  Difference  of  Longitude  as  in  all  the  other 
Cafes  hereof. 

<5 ueftion . A Ship  in  Lat.  58d.  00m.  North,  fails 
S.S.W.  half  W.  till  her  Departure  be  60  Miles  j I de- 
mand as  above. 

For  the  Diftance.  For  Diff.  of  Lat. 


47)6000(127 

127 

60 

13° 

127 

60 

360 

. 1 * r * 

— — 



889 

3600 

31 

254 

127 

16129 

Square 
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Square  of  Diftance  16129  12529(111 

Square  of  Departure  — 3600  1 

Diff.  of  the  Squares  — 12529  21)025 

21 

221)429 

221 

« ■ ' 1 

208 

For  the  Difference  of  Longitude. 

As  proper  DifF.  of  Lat.  112,  to  Merid.  Diff.  Lat.  206, 
io  Departure  60  to  Diff.  of  Long. 


206 

I 12)12360(1 IO 

60 

.116 

12360 

. . 40 

The  Difference  of  Latitude  1 1 2 Min.  or  id.  52m. 
which  fubtra&ed  fro/n  the  Latitude  failed  from,  becaufe 
the  Courfe  is  Southerly,  the  Remainder  is  the  Latitude 
come  to,  56d.  8m.  the  Diftance  127  ; the  Diff.  Longi- 
tude x 10. 

CASE  VIII.  One  Latitude , Diftance , and  Departure 
given,  to  find  the  other  Latitude,  Courfe,  and  Difference 
of  Longitude. 

The  R U L E. 

Find  the  Courfe  and  Difference  of  Latitude  as  in  Caff 
V.  of  Plane  Sailing  Arithmetical  then  find  the  Difference 

ef  Longitude  as  before.  . 

QueJLon. 

Digitized  by  Google 


no  Mercator  s Sailing  Arithmetical.  Chap.  IV. 

Queftion.  A Ship  in  Lat.  58c!.  #om,  North,  fails  be- 
tween the  South  and  Weft  12  7 Miles,  her  Departure 
60,  I demand  the  reft. 

For  the  Difference  of  Latitude . 


127  Sq.ofDift. — 16129  I25 

127  60  Sq.  o£  Dep.  — 3600  1 

■ ■ ■ - ■ 60  — — . . . ■ 

889  Diff.of  Squares  12529  21(025 

254  3600  . 21 


16129 


12529(111 

1 


221)429 


For  the  Courfe 


For  Difference  of  Longitude. 


127)60000)472  • As  1 12  to  206,  fo  60  to  Diff.  Long. 

,‘920  60  112)12360(110 

•310  *i  16 

— ■ - - 12360  • . 

56  ,s-40 

The  Courfe  S.  S.  W.  W.  the  Lat.  come  to  56d. 
8m.  and  Diff.  of  Long.  no. 


SECT. 
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SECT.  III. 

Parallel  Sailing  Arithmetical. 

BEFORE  I proceed  to  the  Solution  of  the  feveral 
Cafes  of  Parallel  Sailing , I fhall  infert  a Table  of 
given  Numbers,  which  is  equally  ufeful  in  Parallel  and 
Middle  Latitude  Sailing ; for  by  thofe  Numbers  the  De- 
parture in  Middle  Latitude  Sailing,  (which  is  the  Diftance 
in  a Parallel,  or  Eaft  and  Weft  Courle)  is  reduced  to 
Difference  of  Longitude  without  any  Logarithms,  Sines, 
or  Tangents,  only  by  one  Operation  in  Diyifion,  the  Ufe 
of  which  Table  in  Parallel  Sailing  is  thus : 

When  you  have  the  Diftance  in  the  Parallel  given, 
add  fo  many, Cyphers  to  the  Diftance  as  you  intend  to 
ufe  Figures  in  the  given  Number,  and  then  divide  the 
one  by  the  other,  and  the  Quotient  is  the  Difference  of 
Longitude:  But  if  Difference  of  Longitude,  and  the 
Latitude  is  given,  multiply  the  Difference  of  Longitude 
by  the  given  Number  belonging  to  that  Latitude,  and 
from  that  Produdtcut  off  as  many  Figures  as  you  mul- 
tiply by,  and  the  reft  is  the  Diftance ; and  confequently 
if  Diftance  and  Difference  of  Longitude  be  given, 
and  Latitude  required,  add  two,  three  or  four  Cy- 
phers to  the  Diftance,  and  divide  that  Sum  by  the  Dif- 
ference of  Longitude,  the  Quotient  found  in  the  Table 
is  the  given  Number,  anfwering  to  the  Latitude  re- 
quired, &c. 


A TABLE 
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A TABLE  of  given  Numbers  for  Parallel 
and  Middle  Latitude}  the  given  N°  for  Lat. 
ood.  oom.  being  ioooo.  


Scft.IIL  Parallel  Sailing  Arithmetical.  li$ 

The  Ufe  of  this  Table  of  given  Numbers  for  Paral- 
lel and  Middle  Latitude  Sailing,  is  partly  laid  down  in 
the  Page  preceeding  the  Table,  and  {hall  be  further  ex- 
emplified in  the  feveral  Cafes  of  Parallel  and  Middle  La- 
titude Sailing ; and  the  fame  Cautions  are  to  be  obferved 
in  the  Ufe  of  this,  that  were  to  be  obferved  in  the  firft 
Table  of  given  Numbers,  viz.  That  for  Plane  Sailing 
Arithmetical ; for  if  the  third  Figure  of  the  given  Num- 
ber be  a Cypher,  or  r or  2,  you  need  ufe  but  two  Fi- 
gures (unlefs  your  Queftion  be  propofed  in  very  great 
Numbers;)  or  if  the  third  Figure  be  8 or  9,  you  may 
add  1 to  the  fecond  Figure,  and  fo  proceed  in  your 
Work:  But  in  this  Table,  as  alfo  in  that  of  Plane  Sailing , 
if  your  Queftion  be  propounded  in  Numbers  confiding 
of  three  or  four  Figures,  it  is  beft  to  ule  at  lead  as  ma- 
ny Figures  of  the  given  Number,  as  there  is  in  the 
Data,  or  given  Terms  of  your  Queftion,  as  we  (hall 
make  evident  by  the  fucceeding  Examples. 

I have  fet  down  the  given  Numbers,  only  to  whole 
Degrees  of  Latitude ; the  Numbers  to  the  intermediate 
IVIinutes  being  eafily  found  by  proportioning  the  Dif- 
ferences fet  down  in  the  third,  fixth,  and  ninth  Columns 
of  the  Table,  the  Ufe  of  which  is  this  : Suppofe  in  a 
Parallel  Courfe,  the  Latitude  of  the  Parallel  (or  in  a 
Middle  Latitude  Queftion,  the  Middle  Latitude ) be  62 
Degrees,  and  I defire  to  find  in  the  Table  the  given 
Number  to  that  Latitude;  I look  in  the  Table  under 
[La/.]  and  find  62,  and  againft  it,  under  [ Num .]  you 
find  4695,  the  given  Number  required:  But  if  you 
would  find  the  given  Number  for  Lat.  59d.  30m.  I look 
for  the  Number  for  Lat.  60,  and  find  5000,  and  it 
being  a Latitude  between  59  and  60,  I look  againft  60, 
under  [Diff.]  for  the  Difference  (for  the  Difference  be- 
tween the  given  Numbers  for  both  Latitudes  is  always 
againft  the  greater  Latitude)  and  the  Difference  is  1 50, 
therefore  I take  Half  of  150,  becaufe  30  Minutes  is 
half  a Degree,  and  add  it  to  the  given  Number  for  60 
Degrees,  viz.  5000,  the  Sum  5075  is  the  given  Num- 

‘ I ber 
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ber  for  the  Lat.  59c!.  30m.  which  was  required  to  be 
known. 

Note  ; The  given  Number  for  Lat.  od.  om.  is  10000, 
and  from  thence,  as  the  Latitude  encreafes,  the  Num- 
bers decreal'cs,  fo  that  the  Number  for  Lat.  90  is  0000  ; 
hence  the  greater  the  Latitude  is,  the  lelfer  is  the  given 
Number-,  therefore  obferve  always  when  you  would  find 
the  Number  to  any  Latitude  confiding  of  Degrees  and 
Minutes,  take  the  given  Number  to  the  bigger  Lati- 
tude, and  to  that  add  the  proportional  Part  of  the  Dif- 
ference found  againft  the  bigger  Latitude,  the  Sum  is 
the  given  Number  required.  One  Example  wilhmake 
it  plain. 

Suppofe  I defire  to  know  the  given  Number  tot  La- 
titude 45d.  40m.  the  Number  for  46  (the  bigger  Lati- 
tude) is  6946,  and  the  Difference  124;  one  third  of 
which,  viz.  41  neareft,  added  to  the  Number  6946,  the 
Sum  6987  is  the  Number  required 

But  if  you  want  the  given  Number  to  any  odd  Mi- 
nutes, which  are  not  an  even  Part  of  a Degree,  as  half,  or 
a third,  &c.  you  may  find  it  by  Proportion  if  you  would 
be  very  exaft,  and  the  Proportion  is.  As  60  Min.  is  to 
the  whole  Difference;  fo  is  the  Minutes,  which  the 
given  Latitude  wants  of  the  bigger  Latitude,  to  the 
Number  to  be  added  to  the  given  Number  of  the  bigger 
Latitude. 

I defire  to  know  the  given  Number  for  Latitude  43d. 
24m. 

The  Latitude  43d.  24m.  wants  36  Min  of  44  Deg. 
therefore,  as  60  to  the  Difference  120,  fo  36  to  72  ; 
which  added  to  7193,  the  given  Number  for  the  bigger 
Latitude,  the  Sum  7265  is  the  Number  for  Lat.  4'd. 
24m.  required. 

Note ; If  you  ufe  all  the  four  Figures  of  the  given 
Number,  the  Difference  is  as  is  expreffed  in  the  Ta- 
ble ; but  if  you  cut  off  one  Figure  or  two,  Efr.  from 
the  given  Number  to  the  Right-hand,  you  muff  alfo 
cut  off  as  many  from  the  Difference,  and  the  Remainder 
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is  the  Difference  j only  if  the  laft  Figure  oftheDiffe- 
rence  be  8 or  9,  you  may  add  one  to  the  third  Figure, 
as  in  the  other  Cafes  before  mentioned -,  the  Reafon  is 
evident  to  them  that  underltand  Decimals. 

t 

Example.  I defire  to  know  the  given  Number  for  La- 
titude 6gd.  45m.  I cut  off  one  Figure  to  the  Right-hand 
of  each  collateral  Number,  viz.  Latitude  69,  and  La- 
titude 70,  and  then  the  Numbers  are  358  and  342  : 
And  feeing  I cut  off  a Figure  from  the  Number,  I 
muft  alfo  cut  one  off  from  the  Difference,  and  then  the 
Difference  is  1 6,  which  ufed  according  to  the  foregoing 
Rules,  the  given  Numbers  for  Latitude  69d.  45m.  will 
be  found  to  be  346,  and  fo  in  others. 

CASE  I.  Two  Ships  or  Places  in  one  Parallel , their  La- 
titude and  Dijlance  given , to  find  their  Difference  of 

Longitude. 

The  RU  L E. 

Add  fo  many  Cyphers  to  the  Diftance  as  you  think 
to  ufe  Figures  in  the  given  Number  and  divide  by  the 
given  Number  for  the  Latitude  of  the  Parallel,  the 
Quotient  is  the  Difference  of  Longitude. 

Queftion.  Two  Ships  in  Latitude  5od.  om.  diftant 
76  Miles-,  I demand  their  Difference  ®f  Longitude. 

The  given  Number  for  Latitude  50  is  6428,  but  if 
I cut  off  one  Figure  to  the  Right-band,  it  will  be  642 
but  becaufe  the  laft  Figure,  viz.  that  to  the  Right- 
hand,  which  I cut  off,  is  8, 1 add  one  to  the  third,  and 
then  it  will  be  643 * and  becaufe  1 ufe  three  Figures  of 
the  given  Number,  I add  three  Cyphers  to  the  Diftance, 
and  then  divide  one  by  the  other,  according  to  the  a- 
forefaid  Rule,  and  the  Work  will  ftand  thus : 

I 2 643)76000(1 18 
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643)76000(1 1 8 The  DifF.  of  Long.  1 i8Min.or  id.  58m. 
1 170 

5270 


12  6 

Or  if  I cut  off  two  Figures,  the  reft  to  work  with  will 
be  64,  and  then  I add  but  two  Cyphers  to  the  Diftance 
(becaufe  I ufe  but  two  Figures  of  the  given  Number) 
and  the  Work  will  ftand  thus : 

64)76oo(  1 1 8 The  fame  with  the  fore- 

1 20  going  Operation. 

560 


48 


C A S E II.  two  Places  in  one  Parallel , the  Latitude , 
and  Difference  of  Longitude  given , to  find  their  Diftance. 

the  RU  L E. 

This  is  only  the  former  Cafe  inverted ; for  having 
found  the  given  Number  for  the  Latitude,  multiply 
the  Difference  of  Longitude  by  it,  and  from  the  Pro- 
du£t  cut  off  as  many  Figures  as  you  multiply  by,  and 
the  reft  is  the  Diftance  required;  and  thofe  cut  off  are 
a Decimal  Fraction  to  be  underftood  as  in  the  Rules 
laid  down  at  the  Beginning  of  Plane  Sailing  Arithmetical. 

Queftion.  Two  Places  in  Latitude  50,  their  Difference 

of  Longitude  1 1 8 ; I demand  their  Diftance. 

\' 

643 

118 


5144  The  Diftance  75.874,.  or  rather  76. 

643 
64  3 

f5 187+  .... 

CASE 
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CASE  III.  Two  Places , their  Diftance  and  Difference 
of  Longitude  given , to  find  the  Latitude  they  are  in. 

The  R U L E. 

Add  three  or  four  Cyphers  to  the  Diftance,  and  di- 
vide that  Sum,  by  the  Difference  of  Longitude,  the 
Quotient  is  the  given  Number  for  the  Latitude  required. 

Queftion.  A Ship  fails  due  Weft  2700  Miles,  and  then 
finds  her  Difference  of  Longitude  to  be  4200  Min.  I 
demand  what  Latitude  the  Ship  is  in  ? 

4200)2700000(642 

180 

12000 


3600 

By  adding  three  Cyphers  to  the  Diftance,  and  work- 
ing as  before  directed,  you  find  the  Quotient  642  ; or 
if  you  add  four  Cyphers,  it  will  bring  out  four  Figures 
in  the  Quotient,  viz.  6428,  which  found  in  the  Table, 
you  find  it  againft  Latitude  50,  which  is  the  Latitude  of 
the  Parallel  required. 

CASE  IV.  Two  Ships  failing  direftly  Norther  South , 
their  Diftance  in  one  Parallel given,  to  find  their  Diftance 
in  the  other  Parallel. 

The  RU  L E. 

Find  the  given  Numbers  for  each  Latitude,  and  fay 
by  the  Rule  of  Three  : As  the  given  Number  for  the 
firft  Latitude,  is  to  the  given  Number  for  the  fecond 
Latitude v fo  is  the  Diftance  in  the  firft  Latitude,  to  the 
Diftance  in  the  fecond  Latitude. 

I 3 Qucfticn 
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Question.  Suppofe  two  Ships  in  Lat.  50,  diftant  200 
Miles,  iails  both  diredtly  North  into  Lat.  73d.  om.  I 
demand  their  Diftance  in  that  Parallel. 

Here  we  (hall  ufe  but  the  two  firft  Figures  of  the 
given  Numbers,  becaule  the  third  Figure  in  each  Num- 
ber is  but  lmall,  viz.  2 : And  then  by  the  foregoing 
Buie. 

As  64  to  29,  fo  200  to  the  Diftance  in  Lat.  73. 


58CO 


64)5800(90 


• -40 


Their  Diftance  in  Latitude  73,  is  90  or  (if  you 
will  avoid  Fradtions)  9 1 Miles. 

t 

CASE  V.  Two  Ships  in  one  Parallel , with  their  Diftance 
in  that  Parallel  given , and  failing  both  direfily  North  or 
South,  with  their  Diftance  in  the  Parallel  failed,  given, 
to  find  the  Latitude  come  to. 


The  RU  L E. 

This  is  only  the  former  Proportion  in  ( Cafe  IV.)  in- 
verted, viz.  As  the  Diftance  in  one  Latitude,  is  to  the 
Diftance  in  the  other  Latitude  ; fo  is  the  given  Number 
for  one  Latitnde,  to  the  given  Number  for  the  other 
Latitude. 

Queftion.  Two  Ships  in  Lat.  50,  diftant  200  Miles, 
fail  both  diredtlv  North,  till  they  are  but  91  Miles  dif- 
tant-, I demand  the  Latitude  come  to? 

As  200  to  9 1,  fo  64  to  the  given  Number  for  the  La-, 
titude  come  to. 
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91 

64 

200)5824(29 

364 

182 

5^6 

24 

5824 

The  Quotient  29  is  the  two  firft  Figures  of  the  given 
Number  for  the  Lat.  come  to,  viz.  Lat.  73d.  om. 


SECT.  IV. 

Middle  Latitude  Sailing  Arithmetical. 

IN  working  the  feveral  Cafes  and  Queftions  of  Middle 
Latitude  Sailing , we  fhall  have  occafion  to  make  Ufe 
of  both  the  Tables  of  given  Numbers  ; for  in  all  Cafes 
or  Varieties,  where  the  Courfe,  Diftance,  Difference  of 
Latitude,  and  Departure,  are  Terms  either  given  or 
required,  the  Operation  is  performed  by  the  firft  Table, 
as  in  Plane  Sailing  ; but  when  Difference  of  Longitude 
is  a Term  in  the  Queftion,  (whether  given  or  required) 
the  fecond  Table  is  of  Ufe,  as  will  appear  by  the  fol- 
lowing Examples. 

CASE  I.  One  Latitude , Courfe , and  Diftance  given , to 
find  the  other  Latitude , Departure , and  Difference  of 
Longitude. 


The  RU  L E. 

By  Courfe  and  Diftance,  find  Difference  of  Latitude 
and  Departure,  (and  confequently  the  other  Latitude)  as  ' 
in  Cafe  I.  of  Plane  Sailing  Arithmetical ; and  then  for  the 
Ditierence  of  Longitude,  it  is  found  by  the  Second 

I 4 Table 
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Table  thqs:  Find  the  given  Number  for  the  Middle 
Latitude,  of  which  you  may  ufe  two  or  three,  or  four 
Figures,  according  to  the  Rules  laid  down  at  the  Be- 
ginning of  Plane  Sailing , and  alfo  at  the  Beginning  of 
Parallel  Sailing  Arithmetical ; then  to  the  Departure  add 
fo  many  Cyphers  to  the  Right  hand,  as  you  intend  to 
ufe  Figures  in  the  given  Number-,  that  Sum  divided  by 
the  given  Number,  the  Quotient  is  the  Longitude  re- 
quired. 

Queftion.  A Ship  in  Lat,  5od.  oom.  North,  fails  N.W. 
by  N.  987  Miles:  I demand  the  Latitude  come  to,  with 
Departure,  and  Difference  of  Longitude. 

For  the  Difference  of  Latitude  and  Departure  by  the 
firft  Cafe  of  Plane  Sailing  Arithmetical. 


For  Diff.  of  Lat. 

9S7 

83 


For  the  Departure. 

987 

556 


2961 

7896 

8 19I21 


5922 

4935 

4935 

548|772 


Although  the  three  firft  Figures  of  the  given  Number 
(to  find  your  Departure)  for  that  Courfe  be  555,  yet  the 
Jaft  Figure  being  6,  1 cut  it  off  and  add  1 to  the  third 
Figure,  and  call  it  556,  as  in  the  Operation  above,  and  fo 
the  Difference  of  Latitude  is  819,  or  rather  820,  and 
the  Departure  549,  allowing  one  for  the  Fra&ton. 

Then  for  the  Difference  of  Longitude. 

TheDiff.  of  Latitude  being  820  Min.  or  13d.  40m. 
the  Latitude  come  to  is  63d.  40m.  and  confequently  the 
Middle  Latitude  is  5^d.  50m,  the  given  Number  for 

thac 
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that  Latitude  (found  by  the  Rules  laid  down  in  the  Be- 
ginning of  Parallel  Sailing)  is  5470 ; but  the  laft  Figure 
being  a Cypher,  I cut  it  off,  and  work  with  the  reft,  as 
jn  the  Rule  above,  and  the  Operation  (lands  thus : 

547)549000(1003  The  Difference  of  Longitude 

. . 2coo  is  1003  Min.  or  i6d.  43m. 

Weft. 

359 

CASE  JI.  Both  Latitudes  and  Courfe  given,  to  find  the 
Departure , and  the  Difference  of  Longitude. 

i The  R U L E. 

Find  the  Diftance  and  Departure,  as  in  Cafe  the  fe- 
cond  of  Plane  Sailing  Arithmetical,  and  then  find  the 
Difference  of  Longitude,  as  in  the  firft  Cafe  of  Middle 
Latitude  Sailing  Arithmetical.  • 

Note ; In  Middle  Latitude  Sailing  Arithmetical,  this 
Way  of  finding  the  Longitude  anfwers  in  all  the  Cafes 
thereof,  and  therefore  I (hall  not  need  to  mention  it  in 
any  of  the  reft. 

Queftion.  A Ship  takes  her  Departure  from  a Port  in 
Latitude  56d.  25m.  North,  and  fails  N.N.E.  till  (he 
finds  herfelf  to  be  by  Obfervation  in  Latitude  68d.  30m. 
North ; I demand  the  Diftance  failed,  with  her  Depar- 
ture, and  Difference  of  Longitude, 

The  Difference  of  Latitude  is  i2d.  05m.  or  7 25  Min. 

For  the  Diftance.  For  the  Departure. 

924)725000(784  785 

•7820  383 

4280  — 

2355 

584  • 6280 

2355 

300)655 

The 
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The  Middle  Latitude  62d.  28m. 

The  given  Nnmbcrfbr  62d.  2$m.  is  4622. 

1 • • V 

. 1 

Then  for  the  Difference  of  Longitude. 

• 461)301000(652 

2440 


428 

The  DifF.  785;  the  Departure  301  ; the  Diff  of 
Longitude 653  Min.  or  lod.  53m. 

CASE  III.  Both  Latitudes  and  Difiance  given,  to  find 
the  Courfe,  Departure  and  Difference  of  Longitude. 

The  R U L E. 

Find  the  Courfe  and  Departure,  as  in  Cafe  IV.  of 
Plane  Sailing  Arithmetical , and  the  Difference  of  Longi- 
tude, as  in  other  Cafes  hereof. 

Quefiion.  A Ship  in  Lat.  53d  00m.  fails  between 
the  North  and  Eaft  86  Miles,  and  then  finds  herfelf  by 
Obfervation  in  Lat.  5_6d.  10m.  her  Courfe,  Departure, 
and  Difference  of  Longitude  is  required. 

For  the  Departure  by  the  Square  Root. 

86  70  Square  of  the  Diftance  7396 

86  70  Square  of  the  Departure  4900 

516  4900  Diff.  of  the  Squares  2496 

688 


7396 


2496 
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• • 

2496(49  The  Departure  50  neared,  becaufe  the 
1 6 Fraction  is  more  than  the  Root  by  the 


general  Rule  in  Cafe  V.of  Plane  Sailing 


89 ) 8 9 6 Arithmetical, 

8ot 

95 

For  the  Difference  of  Long. 

For  the  Courfe. 

The  Midd.  Lat.  is  53d.  35m. 

86)70000(813 

The  given  Number  565 2 

120 

565)50000(88 

340 

4800 

82 

280 


The  Departure  50 •,  the  Courfe  N.E.  £ N.  and  the 
Difference  of  Longitude  8 8 \ fere. 

CASE  IV.  Both  Latitudes  and  Departure  given,  to  find 
the  Courfe , Difiance  and  Difference  of  Longitude. 

The  RU  L E. 

Find,  the  Courfe  and  Diftance  by  Cafe  VI.  of  Plane 
Sailing  Arithmetical ; and  Longitude  as  in  the  other  Cafes. 

Quefiion.  A Ship  in  Lat.  53d.  om.  North,  fails  be- 
tween the  North  and  Eaft  into  Lat.  56d.  10m.  North, 
her  Departure  50  Min.  or  Miles,  the  Courfe,  Diftance 
and  Difference  of  Longitude  are  required. 

The  Difference  of  Latitude  is  70  Miles. 

For  the  Diftance  by  the  Square  Root.  . . 

70  50  Square  of  Diff.  Lat.  4900  7400(86 

70  50  Square  of  Dep.  — 2500  64 

4900  2500  Sum  of  Squares 7400  166)1000 

996 

004 

Fof 
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For  the  Courfe. 

86)70000(813 

120 

340 


82 


For  the  Biff,  of  Long. 

The  Mid.  Lar.  5^.  35m. 
The  given  Numb,  5652 

565)5 0000(88 
4800 


280 

The  Diftance  86  *,  the  Courfe  N.E.  $ N.  the  Diflf.  of 
Longitude  88  i Min.  or  id.  28m.  Eaft. 


CASE  V.  Both  Latitudes  and  Difference  of  Longitude 
given , to  find  Courfe , Diftance , and  Departure. 

The  RULE. 

In  all  Cafes  where  the  Difference  of  Longitude  is 
given,  and  Departure  required,  the  Operation  is  but 
the  Inverfe  of  that  for  finding  Difference  of  Longitude 
when  Departure  is  given *,  for  if  the  Departure,  with 
Cyphers  added  to  the  Right-hand,  and  divided  by  the 
given  Number  for  the  Middle  Latitude,  produce  the 
Difference  of  Longitude;  then  the  Difference  of  Lon- 
gitude, multiplied  by  the  given  Number  for  the  Mid- 
dle Latitude,  muff  needs  produce  the  Departure,  with 
Figures  to  be  cut  off*  becaufe  any  Quotient  multiplied 
by  the  Divifor  produceth  the  Dividend  •,  therefore,  to 
find  the  Departure  in  this  Cafe,  multiply  the  Difference 
of  Longitude  by  the  given  Number  for  the  Middle  La- 
titude, and  from  the  Product  cut  off  as  many  Figures 
to  the  Right-hand  as  you  multiply  by,  and  the  reft  is 
the  Departure : thus  having  the  Difference  of  Latitude 
and  Departure,  find  the  Courfe  and  Diftance,  as  in  Cafe 
VI.  of  Plane  Sailing  Arithmetical. 


Queftien 
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Queftion.  I demand  the  Courfe,  Diftance  and  Depar- 
ture between  two  Places,  one  in  Lat.  56ft.  15m.  North, 
the  other  in  Lat.  58d.  35m.  North,  their  Difference  of 
Longitude  150  Min.  or  2d.  30m. 

For  the  Departure. 

, The  Middle  Latitude  being  25m.  and  the  given 
Number  5384. 

5384 

150 


269200 

53g4 


80(7600 

For  the  Courfe.  For  the  Diftance  by  the  Square  Root 

161)14000(869  140  81  Sq.  of  Diff.Lat.  19600 

•1120  140  81  Square  of  Dep.  6561 

•1540  * 

„ 5600  81  Si*m  of  Squares  26161 

••91  140  648  . . . 

. . 26161(161 

19600  6561-  1 

' 26(161 

*56 


321(561 

321 


240 


The  Diftance  is  161  *,  the  Departure  80  or  (to 
avoid  Fractions)  81  ; the  Courfe  2 $ Points  to  the  Eaft- 
ward  or  Weftward  of  the  North  or  South,  according  to 
the  Denomination  of  the  Longitude,  whether  Eaft  or 
Weft. 

Thefe 
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Thefe  being  the  moft  ufeful  Cafes,  I (hall  (as  in  Mid- 
dle Latitude  Sailing  Trigonometrical ) let  down  only  the 
Data and  Qucefita  of  the  reft,  with  Rules  for  working 
them,  and  leave  the  Operation  for  the  Learner’s  Pradtice. 

CASE  VI.  One  Latitude , Courfe , and  Departure  given, 
to  find  the  other  Latitude,  Difiance , and  Difference  of 
Longitude.  • * 

The  RU  L E. 

Find  the  Diftance  and  Difference  of  Latitude,  (and 
confequently  the  other  Latitude)  by  Cafe  III.  of  Plane 
Sailing  Arithmetical,  and  Difference  of  Longitude  as  in 

the  other  Cafes. 

\ 

CASE  VII.  One  Latitude,  Difiance  and  Departure  given, 
to  find  the  reft. 

The  RU  L E. 

Find  the  Courfe  and  Difference  of  Latitude  by  Cafe 
V.  of  Plane  Sailing  Arithmetical,  and  Difference  of  Lon- 
gitude as  before. 

CASE  VIII.  Courfe,  Departure  and  Difference  of  Lon- 
gitude given,  to  find  both  Latitudes  and  Diftance. 

The  RU  L E. 

Find  Diftance  and  Difference  of  Latitude  by  Cafe  III. 
of  Plane  Sailing  Arithmetical-,  then  divide  the  Departure 
(with  Cyphers  added  on  the  Right-hand)  by  the  Diffe- 
rence of  Longitude,  the  Quotient  is  the  given  Num- 
ber for  the  Middle  Latitude,  confiding  of  as  many  Fi- 
gures as  you  added  Cyphers;  and  the  Middle  Latitude, 
and  Difference  of  Latitude,  thus  given,  or  found,  the  . 
other  Latitude  is  eafily  found ; but  becaufe  Departure 
and  Difference  of  Longitude  are  given,  to  find  the  Mid- 
dle Latitude,  (and  confequently  both  Latitudes)  is  a 
• p Variety 
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Variety  that  we  have  not  had  an  Example  in*  I (hall 
indance  in  one  Queftion  for  the  Reader’s  Practice. 

guejlicn.  A Ship  fails  N.N.E.  till  her  Departure  be 
301,  and  Difference  of  Longitude  651  ; I demand  both 
Latitudes  and  Diltance?  . 

For  the  Diftance.  For  Biff.  Lat.  by  the  Square  Root. 


383)301000(785  785  301 

•329  785  301 

•2260  * — 

3925  301 

345  6280  9030 


5495 

90601 

616225 

Square  of  the  Diftance  — - 616225 

Square  of  the  Departure . — 90601 

Difference  of  the  Squares  — — ■ 525624 


For  the  Middle  Latitude 


525624(724 

49 


651)301000(462 

4060 

J540 


238 


142)356 

284 


1444)7224 

5776 


1448 


The  Number  462  is  the  three  firft  Figures  of  the 
given  Number  for  the  Middle  Latitude,  which  anfwcr 
to  Latitude  62d.  28m.  then  half  the  Difference  of  La- 
titude added  to,  and  fubtra&ed  from  the  Middle  Lati- 
tude, gives  the  two  Latitudes  56d.  25m.  and  68d. 
30m.  and  the  Diftance  is  785. 

Note  •, 
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Note  i Although  the  Difference  of  Latitude  comes 
out  but  724,  yet  the  Fra&ion  is  fo  great  that  if  the 
Number  had  been  but  one  Unit  more,  the  Root  had 
been  725. 

, CASE  IX.  Middle  Latitude , Courfe  and  Dtjiance given, 
to  find  both  Latitudes,  Departure  and  Difference  of  Lon^ 
gitude. 

The  RU  L E. 

By  Courfe  and  Diftance  find  Difference  of  Latitude 
and  Departure,  by  Cafe  I.  of  Plane  Sailing  Arithmeticaly 
and  then  find  Difference  of  Longitude,  as  in  other 
Cafes. 

/ 

CASE  X.  Courfe , Dtjiance , and  Difference  of  Longi- 
tude given , to  find  both  Latitudes  and  Departure. 

Lhe  RU  L E. 

Find  Difference  of  Latitude  and  Departure  by  Cafe  I. 
of  Plane  Sailing  Arithmetical,  and  then  find  Middle  La- 
titude, and  confequencly  both  Latitudes,  by  Cafe  VIII. 
hereof. 

CASE  XI.  Courfe,  Difference  of  Latitude,  and  Differ 
• rence  of  Longitude  given,  to  find  both  Latitudes,  Diftance 
and  Departure 


<Tbe  RU  L E. 

Find  the  Diftance  and  Departure  by  Cafe  II.  of  Plane 
Sailing  Arithmetical,  and  then  find  Middle  Latitude,  and 
thereby  both  Latitudes  by  Cafe  VIII.  hereof. 


CASE 
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CASE  XII.  Middle  Latitude , Courfe , and  Difference 
of  Longitude  given,  to  find  both  Latitudes,  Difance  and 
Departure. 

The  R U L E. 

For  the  Departure,  multiply  the  Difference  of  Lon- 
gitude by  the  given  Number  for  the  Middle  Latitude, 
and  from  the  Produft  cut  off  as  many  Figures  to  the 
Right-hand  as  you  multiply  by,  and  the  Reft  is  the  De- 
‘ parture ; and  thus  having  the  Courfe  and  Departure, 
you  may  find  the  Diftance  and  Difference  of  Latitude, 
and,  (by  the  Help  of  Middle  Latitude)  both  Latitudes 
by  Cafe  III.  of  Plane  Sailing  Arithmetical. 

CASE  XIII.  One  Latitude,  Departure  and  Difference 
of  Longitude  given,  to  find  the  other  Latitude , Courfe , 
and  Diftance. 

The  RU  L E. 

Find  the  Middle  Latitude  by  Cafe  VIII.  hereof,  and 
then  having  one  Latitude,  and  Difference  of  Latitude, 
the  other  Latitude  is  eafily  found ; and  thus  having-  both 
Latitudes  and  the  Departure,  find  Courfe  and  Diftance 
by  Cafe  VI.  of  Plane  Sailing  Arithmetical. 

And  thus  have  I gone  through  the  thirteen  Cafes  of 
Middle  Latitude  Sailing  Arithmetical,  where  in  the  firft  five 
Cafes,  in  which  there  are  Queftions  propofed  and 
wrought,  I have  let  down  the  very  fame  Queftions  here 
that  are  in  Middle  Latitude  Sailing  T rigonometrical,  that 
the  Reader  may  fee  the  exaCfc  Harmony  between  the 
Trigonometrical  and  Arithmetical  Operations,  and  confe- 
quently  may  be  convinced  of  the  Truth  and  Certainty 
of  this  Way  of  working,  fo  far  as  Middle  Latitude  Sailing 
is  to  be  depended  upon ; and  although  Middle  Latitude 
Sailing  deviates  fomewhat  from  Mercator,  efpecially  at 
a great  Diftance  from  the  Equinoctial,  or  where  the 
Queftion  is  propofed  in  great  Numbers,  yet  it  may  be 
of  great  Ufe,  in  keeping  a Reckoning ; becaufe,  in  a 
Angle  Day’s  Work  (which  feldonj  exceeds  30  or  40 

K Leagues) 


Digitize^  by  Google 


130  Plane  Sailing  hijlrumental.  Chap.  V1. 

Leagues)  the  Difference  is  fcarce  difcernable and  al- 
ways obferve,  that  if  through  Hafte  you  cannot  take 
Time  to  reckon  the  Middle  Latitude  exactly  to  a Mi- 
nute, take  rather  a Latitude  too  great  than  too  little 
for  Middle  Latitude,  and  that  will  leffen  the  Error,  as 
I hinted  in  Middle  Latitude  Sailing  Trigonometrical , Cafe  I. 


CHAP.  V. 

Injlrumental  Navigation . 


sect.  v. 

Plane  Sailing  Injlrumental. 

MY  Intent  in  this  Section  of  Injlrumental  Naviga- 
tion, is  not  to  write  a large  Treatife  of  all  the 
Inltruments  that  are  ul'eful  in  Navigation,  for  that 
would  take  up  too  large  a Part  in  this  fmall  Treatife  ; 
but  I (hall  here  fhew,  how  all  the  Propofitions  in  Plane 
Sailing.,  Mercator's , &c.  (which  are  in  other  Parts  of  this 
Treatife  lolved  Geometrically , Trigonometrically , Arith- 
metically, &c.  may  be  folved  Injlrumentally , viz.  by  Scale 
and  Compaffes ; and  here  I fhall  confine  myfelf  only  to 
the  Ufe  of  Gunter's  Scale , it  being  an  Inftrument  fo 
common  and  expeditious  for  Inftrumental  Operation, 
that  few  that  are  inclined  to  improve  themlelves  m the 
Knowledge  of  Navigation,  go  to  Sea  without  it.  In 
order  to  the  right  Underftanding  of  which,  it  is  necef- 
fary,  firft,  to  give  a Defcription  of  that  Part  of  the 
Scale  which  ferves  for  our  prelent  Purpole,  and  then 
proceed  to  the  Ule  of  it. 

The 
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The  firft  Line  next  the  Top,  commonly  marked  S.R. 
is  the  Sine  Rumbs,  and  is  numbered  1,  2,  3,  4,  5, 
6,  7,  and  ends  at  the  Brafs  Nail  with  8,  which  is  Ra- 
dius, becaufe  8 Rumbs  or  Points  of  the  Compafs,  is  a 
Quarter  of  the  whole  Circle,  and  therefore  equal  to  90 
Degrees. 

The  next  Line  marked  T.  R.  is  the  Tangent  Rumb, 
and  this  Line  is  numbered  1,  2,  3,  and  then  at  the 
Brafs  Nail  4,  the  Tangent  of  4 Points,,  or  45  Degrees, 
being  equal  to  Radius,  and  then  proceed  back  towards 
the  Left-hand  with  5,  6,  7,  the  Tangent  of  8 Points, 
or  90  Degrees  being  infinite; 

Thefe  Sine  Rumbs  and  Tangent  Rumbs,  are  only 
ufeful  in  Navigation.  The  Sine  Rumb,  or  Tangent 
Rumb,  being  only  the  Sine  or  Tangent  of  the  Degrees 
and  Minutes  anfwering  to  thofe  Rumbs:  Thus,  becaufe 

1 Point  of  the  Compafs  contains  nd.  15m.  therefore 
the  Sine  of  1 Point  is  equal  to  the  Sine  of  1 id.  1 5m.  &V. 
Alfo  three  Points  are  33d.  45m.  therefore  the  Sine  of 
3 Points,  in  the  Sine  Rumbs  is  exa&ly  againft  the 
Sine  of  33d.  45m.  in  the  Sines,  and  the  Tangent  of  3 
Points  is  right  againft  the  Tangent  of  33d.  45m.  &c. 

The  next  Line  being  the  third  in  order,  marked 
(Numb.)  is  the  Line  of  Numbers,  which  is  numbered 
from  the  Left-hand  with  1,  2,  3,  4,  5,  6,  7,  8,  9; 

1,  2,  3>  4»  5>  6,  7,  8,  9,  10.  The  Divifions  of  x,  2 ,&V. 
being  the  greateft,  and  growing  lefs  towards  9,  fcfr. 
Thefe  Divifions  being  divided  each  into  to  Parts,  and 
every  one  of  thefe  again  fubdivided  (where  Room 
will  permit)  into  ten  Parts,  and  are  thus  read  : If 
you  call  x at  the  Left-hand  1,  then  the  next  2 is 

2,  and  foon  3,  4,  5,  fcfr.  to  9,  and  the  1 on  the  Mid- 
dle is  to,  and  the  next  2,  3,  4,  Lfr.  are  20,  30,  40, 
&?r.  and  the  10  at  the  Right-hand  is  100,  and  thus, 
when  1 in  the  Middle  is  10,  and  the  2 is  20,  fcfr. 
then  every  one  of  the  10  lefler  Divifibns  between  1 and 

2 is  1 : Thus  1 being  10,  the  next  fmaller  Divifion  is 
H,  and  the  next  12,  where  there  is  commonly  a Brafs 
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Nail,  and  fo  on,  to  13,  14,  15,  &V.  till  you  come  at 
the  2 for  20,  and  3 for  30,  and  fo  in  the  reft. 

But  if  you  make  1 at  the  Left-hand  10,  then  1 in 
the  Middle  is  100,  and  10  at  the  Right-hand  is  1000, 
and  then  every  of  the  lefier  Divifions,  which  before 
were  reckoned  1,  are  now  reckoned  10,  &c.  Thus  tiie  1 
at  the  Middle  being  100,  the  next  fmall  Divifion  (which 
before  was  called  11)  is  now  110,  and  the  next  where 
the  Brafs  Nails  is  120,  &c.  and  then  every  one  of  the 
fmalleft  Subdivifions,  is  called  1.  Thus  fuppofe  I 
would  find  1 25  on  the  Scale,  I call  it  1 in  the  Middle  (or 
at  the  Left-hand)  ioo;  and  counting  2 of  the  fmall 
Divifions  further  (which  is  juft  at  the  Brafs  Nail)  and 
then  5 of  the  fmalleft  Subdivifions,  there  I hold  my 
Compaffes,  it  being  the  Number  required  ; but  it  muft 
be  obferved  that  all  Scales  are  not  graduated  alike,  as 
to  the  Subdivifions ; fome  of  them  (for  the  Sake  of 
Cheapnefs,  or  faving  Trouble)  having  one  Subdivifion 
put  for  two,  and  therefore  the  Value  of  thefe  muft  be 
eftimated  accordingly;  however  a little  Pradtice  and 
Attention,  will  make  the  whole  very  eaiy. 

The  next  Line  is  the  Sines  marked  at  the  Right-hand 
[$/»«]  and  numbered  from  the  Left-hand,  1,  2,  3,  4,  5, 
6,  7,  8,  9,  10,  20,  30,  40,  50,  60,  70,  80,  90,  the  longer 
Subdivifions  between  10  and  20,  and  between  20  and 
30,  &c.  being  each  1 Degree;  but  the  Degrees  under 
20  are  fubdivided  into  6 Parts,  each  Part  being  10  Mi- 
nutes; and  where  the  Degrees  are  fubdivided  into  4 Parts, 
each  Part  is  1 5 Min.  &c.  Thus  fuppofe  I feek  the 
Sine  of  23d.  30m.  firft  I find  20,  and  then  count  3 of 
the  bigger  Subdivifions  which  are  23  ; and  then  2 of 
the  fmalleft  Subdivifions  for  30  Min.  (becaufe  the  De- 
gree is  divided  into  4 Parts)  and  that  is  the  Point  repre- 
lentingthe  Sine  of  23d.  30m.  where  there  is  commonly 
a Brafs  Nail,  as  at  12  on  the  Line  of  Numbers. 

The  next  Line  is  Verfed  Sines  marked  [V.  Sines ] of 
which  there  is  feldom  Ufe  made  in  the  common  Practice 
of  Navigation,  and  thefe  arc  reckoned  from  the  Right- 
hand  towards  the  Left. 


The 
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The’ next  is  Tangents,  marked  at  the  Right-hand 
[Fang.]  they  proceed  from  the  Lefc-hand  to  the  Right, 
from  1 to  45,  and  then  back  to  the  Left-hand  towards 
90,  the  Subdivifions  are  underftood  in  all  RefpeCts,  as 
thofe  of  the  Line  of  Sines,  and  therefore  need  be  no 
further  explained. 

By  this  Scale,  and  a Pah  of  Compafles,  may  be  per- 
formed all  the  Problems  in  Trigonometry  and  Navigation , 
in  all  their  Parts.  As  they  are  folved  ell'ewhere  in  this  * 
TFeatife  by  Geometrical  ConftruCtion,  and  by  Arith- 
metical Calculation,  fo  here  I fhall  Ihew  how  they  may 
be  folved  by  Inftrumental  Operation ; and  here,  what- 
ever the  Queftion  be,  the  Proportion  for  anfwering  it  is 
the  fame  as  in  Trigonometry , by  Logarithms,  Sines  and 
Tangents;  only  whereas  in  Natural  Numbers,  the  Ope- 
ration is  performed  by  Multiplication  and  Divifion 
(where  three  Numbers  are  given  to  find  a fourth)  and 
in  Logarithms  it  is  done  by  Addition  and  Subtraction  ; 
fo  here  it  is  performed  by  taking  in  your  Compares  the 
Diftance  upon  the  Scale,  between  the  firft  and  fecond 
given  Terms,  and  the  fame  Extent  will  reach  from  the 
third  given  Term  to  the  fourth  Term  required;  but 
becaufe,  if  the  fecond  Term  have  the  fame  Proportion 
to  the  firft,  that  the  fourth  hath  to  the  third,  then  the 
third  will  have  the  fame  Proportion  to  the  firft  that  the 
fourth  hath  to  the  fecond,  by  Euclid,  Lib.  5.  Prop.  1 6. 
and  therefore  when  the  firft  and  third  Terms  are  both 
of  one  Denomination,  viz.  both  Sines,  or  both  Tan- 
gents, or  both  Numbers,  as  it  happens  in  moft  Quef- 
tions  in  Navigation,  and  where  the  fecond  and  fourth 
are  alfo  of  one  Denomination,  I would  rather  advife  to 
extend  from  the  firft  to  the  third,  and  by  that  Means 
you  keep  along  one  Line,  whether  Sines,  Tangents,  or 
Numbers;  and  then  the  Proportion  and  Anlwers  will 
come  out  the  fame,  as  by  Trigonometrical  Calculation. 

And  becaufe  the  Proportions  in  this  Manner  of  work- 
ing are  the  lame  as  in  the  Logarithmetical  Operations, 

I Ihall  not  be  at  the  Pains  of  running  over  all  the  parti- 
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cular  Cafes  of  Plane  Sailing  and  Mercator , &c.  as  in  the 
Geometrical  and  T rigonometrical  Parts  hereof ; but  {hall 
only  inilanee  in  fome  few  Queftions,  and  thereby  {hew 
the  Learner  how  all  the  reft  may  be  deduced  from  the 
Proportions  elfewhere  laid  down  in  the  ‘trigonometrical 
Part. 

Example  in  Plane  Sailing . 

CASE  I.  Courfe , and  Difiance  given,  to  find  the  Diffe- 
rence of  Latitude  and  Departure. 

A Ship  fails  N.W.  by  N.  123  Miles  ; I demand  her 
Difference  of  Latitude  and  Departure. 

Firfi,  For  the  Difference  of  Latitude. 

Tou  may  obferve  in  the  T rigonometrical  Part,  that  the 
Proportion  is.  As  Radius  is  to  the  Diftance;  fo  is  Sine 
Complement  of  the  Courfe,  to  Difference  of  Latitude  ; 
here  the  Courfe  being  N.W.  by  N.  that  is,  three  Points 
therefore  from  the  Meridian,  its  Complement  is  five 
Points ; therefore  extend  on  the  Sine  Rumbs  from  Ra- 
' dius  (the  Brafs  Nail  at  the  End)  to  five  Points,  the 
fame  Extent  will  reach  on  the  Line  of  Numbers  from 
123  to  102,  the  Difference  of  Latitude  required. 

then  for  the  Departure . • 

The  Proportion  in  trigonometry  is.  As  Radius  is  to 
the  Diftance ; fo  is  Sine  of  the  Courfe,  to  Departure  ; 
therefore  extend  from  Radius  to  3,  on  the  Sine  Rumbs, 
the  fame  Extent  will  reach  from  the  Diftance  123  (on  the 
Line  of  Numbers  to  68,  the  Departure  required. 

Note',  The  fame  may  be  performed  on  the  Line  of 
Sines •,  for  if  you  extend  from  Radius  to  Sine  of  33d. 
45m.  (the  Courfe  reckon’d  in  Degrees  and  Minutes, 
allowing  1 id*  15m.  to  a Point)  the  fame  Extent  will 
reach  on  the  Lihe  of  Numbers  from  the  Diftance  123 
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to  the  Departure  68,  as  before;  and  for  Difference  of 
Latitude,  extend  from  Radius,  to  Sine  Complement 
of  the  Courfe,  56d.  15m.  the  fame  Extent  will  reach 
from  the  Diftance  123,  to  the  Difference  of  Latitude 
ip 2,  and  fo  in  others. 

Thus  in  Plane  Sailing , Cafe  II.  where  the  Courfe  and 
Difference  of  Latitude  is  given,  to  find  the  Diftance 
and  Departure,  you  fee  in  the  Trigonometrical  Part,  that 
the  Proportion  for  finding  the  Diftance  is,  as  Sine 
Complement  of  the  Courfe,  is  to  the  Difference  of  La- 
titude ; fo  is  Radius,  to  the  Diftance;  therefore  extend 
from  Sine  Complement  of  the  Courfe  to  Radius,  the 
fame  Extent  will  reach  from  the  Difference  of  Latitude 
to  the  Diftance. 

Example.  A Ship  fails  S.W.  by  S.  till  her  Difference 
of  Latitude  be  174  Miles;  I demand  her  Diftance  and 
Departure. 

Firfly  For  the  Dijlance. 

Extend  from  5 on  the  Sine  Rumbs  (or  from  56d. 
15m.  on  the  Sines)  the  Complement  of  the  Coufe,  to 
Radius ; The  fame  Extent  will  reach  from  the  Diffe- 
rence of  Latitude  1 74,  to  the  Diftance  209  ; then  for 
the  Departure  the  Proportion  is,  As  Sine  Complement 
of  the  Courfe,  is  to  Difference  of  Latitude ; fo  is  Sine 
of  the  Courfe,  to  the  Departure:  Therefore  extend 
from  Sine  Complement  of  the  Courfe  5 on  the  Sine 
Rumbs,  (or  56d.  1 5m.  on  the  Sines)  to  the  Sine  of  the 
Courfe  3 on  the  Rumbs,  or  (33d.  45m.  on  the  Sines) 
the  fame  Extent  will  reach  on  the  Line  of  Numbers 
from  the  Difference  of  Latitude  1 74,  to  the  Departure 
1 16. 

In  the  like  Manner  are  all  the  Cafes  in  Plane  Sailing 
and  Mercator  performed  on  the  Scale,  if  you  do  but  know 
the  Proportions,  (which  you  have  at  large  in  the  Trigo- 
nometrical Part)  and  therefore  I need  not  enlarge  any 
further  upon  it:  Only  this  is  to  be  obferv’d,  that  you 
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muft  mind  always  to  extend  your  Compaffes  the  fame 
"Way  (whether  backwards  or  forwards)  at  the  laft  Extent 
that  you  do  at  the  firft ; that  is,  if  your  Extent  from 
the  firft  Number  to  the  fecond  be  from  the  Left-hand 
towards  the  Right,  then  your  fixed  Point  being  placed 
at  the  third  Number  the  moveable  Point  muft  be  ex- 
tended towards  the  Right-hand  alfo,  and  the  contrary, 
unlefs  in  cafe  you  have  to  extend  from  a Tangent  above 
45,  becaufe  they  increafe  from  the  Right-hand  towards 
the  Left  (as  hath  been  faid  before)  of  which  you  have 
fometimes  Occafion  to  make  Ufe,  I fhall  therefore  give 
you  an  Example. 

A Ship  fails  between  the  South  and  Weft  till  her  Dif- 
ference of  Latitude  be  80,  and  her  Departure  95  ; I 
demand  the  Courfe  and  Diftance. 

The  Proportion  being,  As  Difference  of  Latitude  is 
to  Radius;  fo  is  Departure,  to  Tangent  of  the  Courfe; 
therefore  extend  from  Difference  of  Latitude  80,  to  the 
Departure  95,  (which  is  towards  the  Right-hand,  be- 
caufe increafing,  viz.  95  is  more  than  80;)  the  fame 
Extent  will  reach  from  Radius  to  the  Tangent  of  the 
Courfe  50  ; and  although  Radius  it  at  the  End  of  the 
Line,  fo  that  you  cannot  extend  any  further  towards  the 
Right-hand,  yet  in  your  extending  towards  the  Left- 
hand,  you  muft  count  the  Degree  that  the  Compafs 
Point  falls  upon,  on  thofe  Degrees  that  are  increafing 
above  45  towards  the  Left-hand ; thus  in  this  Cafe, 
you  find  the  moveable  Point  of  the  Compafs  fall  upon  a 
Stroke  marked  40,  50,  viz.  it  is  either  the  Tangent  of 
40  or  of  50;  but  the  Extent  from  80  to  95  being  to- 
wards the  Right-hand  increafing,  and  your  fixed  Point 
being  placed  in  the  fecond  Extent  at  Radius,  viz.  Tan- 
gent of  45,  you  muft  account  the  fecond  Extent  alfo 
increafing,  and  the  Tangent  that  is  above  45,  viz.  50, 
is  the  Anlwer  to  your  Queftion ; and  this  (with  the  Help 
of  Plane  Sailing  ’Trigonometrical  for  finding  the  Proporti- 
ons, till  you  have  them  by  heart)  may  be  fufficient  for 
Plane  Sailing  Injlrumental 
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SECT.  II. 

Mercator  s Sailing  Injlrumental. 

IN  Mercator's  Sailing , as  well  as  in  Plane  Sailing , the 
Proportions  are  the  fame  as  in  the  Trigonometrical 
Part,  and  may  be  learned  in  Mercator's  Sailing  Trigono- 
metrical-, but  becaufe  my  Defign  is  to  fhew  how  all  the 
Cafes  hereof  may  be  folved  by  Scale  and  Compares, 
without  Tables;  I fhall  firft  (hew  how  the  Meridional 
Difference  of  Latitude  may  be  found  by  the  Scale  and’ 
Compaffes,  both  Latitudes  being  firft  given  or  found. 

There  is  upon  the  Scale  two  other  Lines,  befides 
what  we  have  yet  fpoken  of,  which  are  next  the  lower 
Edge  of  the  Scale ; the  firft  of  them  next  the  Tangent 
Line,  is  the  Meridian  Line,  marked  [Merid.]  and  the 
next  and  loweft  is  a Line  of  equal  Parts!  marked  | Eq. 
P.~\  thefe  are  of  Ufe  for  graduating  a Mercator's  Chart, 
(of  which  more  elfewhere  in  this  Book)  and  alio  for 
finding  the  Meridional  Difference  of  Latitude.  The 
Equal  Parts  are  Degrees  of  the  Equincxftial,  and  every 
Divifion  or  Degree  contains  60  Miles,  or  Minutes;  and 
hence  every  i o Degrees  marked  10,20,  30,  &c.  con- 
tains 600  Miles;  but  the  Degrees  of  Latitude  growing 
larger  towards  the  Poles,  in  a Mercator's  Chart,  for 
holding  the  fame  Proportion  to  the  Degrees  of  Longi- 
tude that  they  do  upon  the  Globe,  every  Degree  nearer 
the  Pole,  contains  fo  many  more  Meridional  Miles,  ac- 
cording as  the  Degrees  of  Latitude  upon  the  Meridional 
Line  grow  larger,  as  the  Latitude  increafes  ; hence,  to 
find  the  Meridional  Difference  of  Latitude,  when  the 
two  Latitudes  are  given  or  found,  extend  the  Compaf- 
fes between  the  two  given  Latitudes  on  the  Meridional 
Line;  which  done,  apply  the  fame  Extent  to  the  equal 
Parts,  and  accounting  every  10  Degrees  600  Miles, 
every  Degree  6cs  and  each  half  Degree  30  Miles,  fcfc. 
you  have  the  Meridional  Difference  of  Latitude  between 
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the  two  Places,  and  fo  may  find  what  is  required,  and 
anfwer  your  Queftion  Infir ument ally , as  well  as  T rigona  • 
metrically,  if  you  be  careful  in  the  Operation. 

Example  in  Mercator's  Sailing,  Cafe  I. 

A Ship  in  Latitude  5cd.  00m.  N.  fails.  N.W.  by  N. 
987  Miles  j I demand  the  Latitude  come  to,  and  Dif- 
ference 6f  Longitude. 

According  to  the  former  Directions,  extend  from  Ra- 
dius to  Sine  Complement  of  the  Courfe,  viz.  5 on  the 
Sine  Rumbs,  (or  36d.  1 5m.  on  the  Sines)  the  lame  Ex- 
tent will  reach  from  the  Diftance  987,  to  Difference  of 
Latitude  820  Miles  or  Minutes,  or  13d.  40m.  which 
added  to  the  Latitude  failed  from,  finds  the  Latitude 
come  to  63d.  40m.  then  to  find  the  Meridional  Diffe- 
rence of  Latitude,  extend  the  Compaffes  upon  the  Me- 
ridian Line  from  5od.  om.  to  63d.  40m.  that  Extent 
applied  to  the  Equal  Parts,  accounting  (as  before  di- ' 
reCted)  every  jo  Degrees  for  600,  and  each  Degree  for 
60  Miles  or  Minutes,  will  be  found  to  be  1519,  the 
Meridional  Difference  of  Latitude.  Then  for  Diffe- 
rence of  Longitude,  proceed  according  to  the  Propor- 
tion in  Mercator's  Sailing  Trigonometrical,  Cajel  viz.  Ex- 
tend from  Radius  to  the  Tangent  of  the  Courfe,  viz.  3 
on  the  Tangent  Rumbs,  or  33d.  45m.  on  the  Tangents, 
the  fame  Extent  will  reach  from  the  Meridional  Diffe- 
rence of  Latitude  1 5 1 9 to  the  Difference  of  Longitude 
1015,  andfoin  others. 

In  Cafe  II.  where  both  Latitudes  and  Courfe  is  given, 
the  Diftance  is  found,  as  in  Cafe  II.  of  Plane  Sailing  In- 
firumental,  and  the  Difference  of  Longitude  as  in  Cafe  I. 
hereof,  which  is  fo  eafy,  that  it  needs  no  Example. 

CASE  IIT.  One  Latitude,  Courfe , and  Difference  of  Lon- 
gitude given,  to  find  the  other  Latitude  and  Difiance , 

A Ship  in  Latitude  50  North,  fails  N.N.W.  till  her 
Difference  of  Longitude  be  7 Degrees,  or  420  Minutes, 

I demand  as  above. 

Extend 


Digitized  by  Google 


Seel.  III.  Parallel  and  Mid.  hat.  Sailing  Injl.  139 

Extend  from  the  Tangent  of  the  Courfe,  two  Points 
to  Radius,  the  fame  Extent  will  reach  from  420  the 
Difference  of  Longitude,  to  1014  the  Meridional  Differ 
rence  of  Latitude. 

Take  the  Meridional  Difference  of  Latitude  1014 
from  the  Scale  of  Equal  Parts,  then  with  that  Extent, 
and  one  Foot  in  Lat.  50,  on  the  Meridian  Line,  the 
other  will  reach  to  ggd.  40m.  the  Latitude  come  to. 
Then  for  the  Diftance  extend  from  Sine  Complement  of 
the  Courfe  (6  on  the  Sine  Rumbs,  or  67.30  on  the 
Sines)  to  Radius,  the  fame  Extent  will  reach  from  the 
proper  Difference  of  Latitude  580  to  628,  the  Diftance 
requiied. 


SECT.  III. 

Parallel  and  Middle  Latitude  Sailing  Injlrumental‘ 

THE  Proportion  for  folving  all  the  reft  of  the  Ca- 
fes both  in  Mercator  and  Parallel  Sailing , and  alfo 
in  Middle  Latitude,  may  be  fo  eafily  deduced  from  the 
Proportions  laid  down  in  the  Trigonometrical  Part,  that 
I need  fay  no  more  about  them;  only  in  the  Inftru- 
mental  Operation,  where  a Tangent  is  required,  the 
Point  of  the  Compafs  will  fometimes  fall  beyond  the 
End  of  the  Line ; as  fuppofe  the  Proportion  was  at 
Tangent  2 id.  30m.  to  Tangent  3yd.  20m.  fo  Tangent 
42d.  40m.  to  a Tangent  required.  And  here,  if  you 
extend  from  the  firft  Term  2 id.  30m.  to  Tangent  3yd. 
20m.  the  fame  Extent  will  reach  from  42d.  40m.  to  be- 
yond the  End  of  the  Scale;  but  to  remedy  this,  extend 
from  Tangent  2 id.  30m.  to  Tangent  3yd.  20m.  then 
with  that  Extent,  and  one  Foot  in  Tangent  45,  extend 
the  other  back  towards  the  Left-hand,  and  where-ever 
it  lights,  keep  it  fixed  and  clofe  the  other  to  the  third 
Term,  viz.  Tangent  42d.  40m.  then  with  this  Extent, 
and  one  Foot  in  Tangent  45,  the  other  will  fall  upon 
Tangent  6od.  45m.  the  Tangent  required, 
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A s for  tr  aver  ft  Sailing , it  being  compounded  of  fe- 
veral  Queftions  in  Plane  Sailing , I fhall  not  need  to 
ipeak  of  it  in  this  Place,  fuppofing  that  by  what  is  al- 
ready laid  down  in  this  Se&on  of  Injlrumental Navigation , 
the  Learner  will  be  able  to  make  Application,  as  Occa- 
fion  requires,  without  any  further  Inftru<5tions. 


CHAP.  VI. 
Navigation  New  Model?  d\ 

O R, 

The  WHOLE  ART  Performed 

B T A 

NEW  METHOD. 


SECT.  I. 

Rules  and  Grounds  of  this  Method. 

IN  order  to  the  right  Underftanding  of  this  new 
Method  of  trigonometry,  I fhall  proceed  according 
to  the  ufual  Manner,  and  fhall,  for  the  Help  of  Me° 
mory,  laid  down  fome  fundamental  Rules  or  Axioms, 
upon  which  the  whole  Operation  depends,  and  by  which 
all  the  Cafes  in  Plane  Trigonometry,  both  Right  and  Ob- 
lique, may  be  folved,  without  any  Book,  Table,  or 
Inftrument  whatfoever.  But  before  I come  to  the  Axi- 
oms, I fhall  premife,  that  whenever  a Side  and  an  An- 
gle is  given,  to  find  another  Side,  (which  is  the  firft  and 
010ft  ufcful  Cafe  in  Navigation)  there  mull  firft  be  a 

‘ Number 
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Number  found,  which  I call  the  Natural  Radius,  not 
only  becaufe  it  is  the  Original,  from  whence  the  Solu- 
tions are  deduced,  but  alio  becaule  being  found,  it  pro- 
duces the  lame  Anfwer  in  Natural  Numbers,  that  the 
Radius,  or  Sine  of  90,  produces  in  a Sinical  Proportion  ; 
and  this  Natural  Radius  is  thus  found. 

METHOD  the  Firjl. 

Take  the  Angle  whofe  oppofite  Side  is  either  given 
or  lought,  and  divide  four  Times  the  Square  of  its  Com- 
plement to  90  Degrees,  £>y  300  added  to  three  Times 
the  faid  Complement,  and  then  the  Quotient  added  to 
the  faid  Angle,  is  the  Natural  Radius  required  ; and 
this  Rule  is  univerfally  true  in  all  Angles  from  o to  90. 

MET  HOD  the  Second. 

But  becaufe  in  Angles  under  45,  the  Complements 
are  above  45,  and  their  Squares  amount  to  greater  Num- 
bers than  the  Squares  of  the  Complements  of  the  An- 
gles above  45;  therefore  to  render  the  Work  as  eafy, 
and  the  Contrivance  as  ufeful  as  poflible,  I fhall  Ihcw 
another  Way  to  find  the  Natural  Radius  for  all  Angles 
under  45,  and  the  Rule-is, 

Divide  three  Times  the  Square  of  the  Angle  (whofe 
eppofite  Side  is  given  or  fought)  by  1000,  the  Quotient 
added  to  57.3,  that  is  57  Ti)  the  Sum  is  the  Natural 
Radius  required. 

This  being  premifed,  the  Rules  are  thefe  •, 

RULE  the  Firjl , In  Right-angled  Triangles, 

An  Angle  and  a Side  given , to  find  another  Side. 

The  Natural  Radius  bears  always  the  fame  Propor-  . 
tion  to  the  Hypotenufe,  that  the,  Angle  (by  which  the 
Natural  Radius  was  found)  bears  to  its  oppofite  Side. 

Therefore 
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Therefore  if  the  Angles  and  Hypotenufe  be  given,  it 
is.  As  Natural  Radius  is  to  Hypotenufe ; fo  is  the  An- 

fle,  to  its  oppofite  Side.  But  if  the  Angles  and  a Leg 
e given,  then  it  is;  A«  the  Angle  is  to  its  oppolite 
Side ; fo  is  Natural  Radius  to  the  Hypotenufe. 

RULE  the  Second.  In  Right-angled  Triangles. 

'Two  Sides  given,  to  find  a Third. 

The  Hypotenufe  is  equal  in  Power  to  the  two  Legs  ; 
That  is,  the  Square  of  the  Hypotenufe  is  equal  to  the 
Square  of  both  Legs  added  together ; of  which  fee  more 
in  Plane  Sailing  Arithmetical. 

RULE  the  Third.  In  Right-angled  Triangles. 

The  Hypotenufe  and  a Leg  given , to  find  the  other  Leg. 

Multiply  the  Sum  of  the  Hypotenufe,  and  given  Leg 
by  their  Difference : The  Square  Root  of  the  Product 
is  the  other  Leg  required. 

RULE  the  Fourth.  In  Right-angled  Triangles. 

Three  Sides  given , to  find  an  Angle. 

Add  half  the  longer  Leg  to  the  Hypotenufe ; Then, 
As  that  Sum  is  to  86 ; fo  the  ihorter  Leg,  is  to  its  op- 
pofite Angle. 

RULE  the  Fifth.  In  Oblique  Triangles. 

Three  Sides  given , to  find  where  the  Perpendicular  mufi fall. 

Multiply  the  Sum  of  the  two  fhorteft  Sides  by  their 
Difference,  divide  the  Product  by  the  third  Side,  which 
is  the  greaieft,  and  upon  which  the  Perpendicular  is  to 
fall:  Th.- Quotient  added  to  the  greateft  Side,  orfub- 
tradted  ir  n it,  (hall  be  double  the  greater  or  leffer  Seg- 
ment, on  ch  Side  of  Perpendicular. 

Another 
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Another  Way. 

Add  the  Squares  of  the  biggeft  and  leaft  Sides  toge- 
ther, and  from  their  Sum  fubtradt  the  Square  of  the 
middlemoft  *,  Half  the  Remainder,  divide  by  the  big- 
geft or  longeft  Side,  the  Quotient  is  the  lefier  Segment, 
which  fubtradted  from  the  whole  Bafe,  leaves  the  greater 
Segment. 

See  another  Way  in  Axiom  IV.  of  Plane  Trigonometry. ' 


SECT.  II. 

Plane  Sailing  by  a New  Method. 

I Shall  now  proceed  to  fome  Examples  in  Right-ang- 
led Triangles  j applied  to  Plane  Sailing  \ and  here 
Note,  That  to  avoid  Fradtions,  I ftiall  propofe  the  gi- 
ven Angle  always  in  whole  Degrees,  that  being  fuffi- 
ciently  exadt  in  all  Ufes  in  Navigation  •,  nay,  a far  more 
exadt  Way  than  reckoning  by  Points,  Half  Points,  or 
Quarter  Points  j one  Degree  being  a much  fmaller  Part 
of  a great  Circle  than  a Quarter  Point  of  the  Compafs. 
And  I ftiall  make  Ufe  of  Degrees  rather  than  Quarter 
Points,  not  only  for  its  Exadtnefs,  but  alfo  becaufe  it 
is  a Method  much  in  Ufe  aboard  of  the  Men  of  War, 
to  .reckon  the  Courfe  in  Degrees,  and  not  in  Points  and 
Quarter  Points. 

CASE  I.  Courfe  and  Difiance  given,  to  find  the  Dijfe 
rente  of  Latitude  and  Departure. 

Note ; I ftiall  in  every  Cafe  hereof  propofe  the  fame 
Queftions  that  are  inferted  in  the  fecond  Example  of 
each  Cafe  in  Plane  Sailing  Trigonometrical , except  in  Cafe 
V.  and  VI.  where  I Have  made  Ufe  of  the  firft  Example. 

A Ship  fails  South  25  Degrees,  Eafterly  96  Miles*, 
I demand  as  above. 

The 
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The  Operation  at  large. 

Note ; Where  both  Legs  are  required,  chufe  always 
to  find  the  lefler  firft,  becaufe  the  Natural  Radius  is 
more  eafily  found,  and  then  find  the  longer  Leg  by 
Rule  the  Third. 


For  the  Departure. 

The  Angle  25 

Multiplied  by  itfelf  — 25 


125 

50 


The  Rule  I. 

As  Natural  Radius  59.2 
to  the  Biftance  96:  So  the 
lefler  Angle  2 5,  to  its  oppo- 
flte  Side  the  Departure. 


Square  of  the  Angle  — 625 
Multiplied  by  3 

The  Product 1875 

1875  divid.  by  1 000  is  1 . 8 75 
To  which  add  57  3 


SumisNatural  Rad.  59.1 75 
Or  rather  briefer  — 59.2 
Which  is  exaft  enough. 


96  592124000(40^ 
25  .320 


480  320 

192  Nearelt  which  40  J 

— — — is  the  Departure 
2400  required. 


Then  for  the  Difference  of  Latitude  by  Rule  III. 


Hypotenufe  orDiftance96.o 
The  Dep.  in  Decimals  40.5 

Their  Sum  *36.5 

Their  Difference  — 55.5 


6825 

6825 

6825 


• • 

7575(87 

64 


167)1175 

1169 

(6) 


TheProduft 


7575-75 


The  Diff. 
of  Latit. 


The  Departure  is  40  i (or  in  Decimals  40.5)  The 
Difference  of  Latitude  87. 


CASE 
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CASE  II.  Courfe  and  Difference  of  Latitude  given,  to 
find  the  reft. 

A Ship  fails  North  38  Degrees  Weft,  her  Difference 
of  Latitude  1 20  ■,  her  Diftance  and  Departure  is  required. 

Here  the  Side  oppofite  to  the  bigger  Angle  is  given, 
therefore  we  muft  make  Ule  of  Method  I.  to  find  Natural 
Radius,  becaule  Method  II.  ferves  only  to  Degrees  un- 
der 45. 

38  38  414)5776(13*?*  Becaufc  the  Frac- 

38  3 - 1636  tion  is  fb  great,  1 

- . ■ • fhall  call  the  Quo- 

304  1 14  394  tient  14,  which  ad- 

1 14  300  ded  the  biggeft  An- 

gle  52,  to  the  Sum 

1444  414  66  is  the  Natural 

4 Radius. 

5776 

i Then  by  Rule  I. 

As  52  the  greater  Angle,  is  to  120  its  oppofite  Side} 
fo  is  Natural  Radius  66,  to  the  Diftance  required. 

Then  for  the  Departure , by  Rule  III. 

120  Diftance  —152 

66  Diff.  of  Lat.  120  8704(93  Departure 

81 

720  Sum 272  

720  Difference — 32  183(604 

5+9 

7920  544  

< 816  (55) 

52)792°(,52  

2 72  Product  — 8 ^04 

\7fO 


The  Diftance  152.  The  Departure  93. 

L CASE 
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CASE  III:  Courfe  and  Departure  given , to  find  Difiance 
and  Difference  of  Latitude. 

A Ship  fails  North  19  Degrees  Eafterly,  her  Depar- 
ture 72  Miles ; I demand  as  above. 

Here  the  Ihorter  Leg  is  given ; therefore  I (hall  find 


the  Natural  Radius  by  Method  II. 

Three  Times  the  Square  of  the  given  Angle  19 

is  1083,  this  divided  by  1000,  which  is  done  19 

by  cutting  off  three  Figures  to  the  Right-hand,  -■ 

the  Quotient  is  1 .08  3 •,  which  becaufe  the  fe-  1 7 1 

cond  Figure  in  the  Fraction  is  above  5,  I add  19 

one  to  the  firft  Figure,  which  is  a Cypher,  and  •—  ■ 
then  call  the  Quotient  1. 1,  which  added  to  57  3,  361 

the  Sum  58.4,  is  the  Natural  Radius  required.  3 


'then  for  the  Difiance  by  Rule  I.  1-083 
As  the  Angle  19,  is  to  its  oppofite  Side  72  j So  is 
Natural  Radius  58.4,  to  the  Diftance. 

38.4  19)4204(221  The  Diftance' 


72 

• 40  required. 

1168 

- ’ 24 

5 

4088 

4204.? 

then  find  the  Difference  of  Latitude , by  Rule  III. 

Difiance  - 
Departure 

Sum  ■ — 
Difference 


221 
- 72 

293 

149 


2637 

1172 

293 

43657 


43657(208 

4 

40)03657 

408)3264  ’ ! 

(393) 

The  Root  208,  but  the 
Fraction  being  lb  large,  I 
rather  call  it  209,  the  Diffe- 
rence of  Lat.  required. 

CASE 
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CASE  IV.  Diftance  and  Difference  of  Latitude  given , 
to  find  the  Courfe  and  Departure. 

A Ship  fails  between  the  North  and  Eaft  117  Miles, 
her  Difference  of  Latitude  j 03  Milesj  I demand  her 
Courfe  altid  Departure. 


For  the  Departure , by  Rule  III. 


Diftance  • — - jjy 

Diff.  of  Lat.  ——  1 03 

Sum  • ■ ■■  i . 220 

Difference  • — 


3o8o(55 

25 


105(580 


880 

220 


525 

(55) 


Product 


3080 


The  Departure  55$: 


Then  for  the  Courfe , by  Rule  IV. 


Hypotenufe  or  Diftance  1 1 7 
Half  the  longeft  Leg gi.g 

Sum  ,68. .5 

As  168.5  is  to  86:  So  is  Ihorteft  Leg,  or  Departure 
55.5,  to  its  oppofite  Angle,  the  Courfe. 


55-5 

86 

*68.5(4773.01 

1403.0 

333-o 

. . 550 

The  Courfe  28  ,*|jDe- 
grees,  which  is  almoft  j, 
viz.  28  Degrees,  \<y  Mi- 
nutes. 
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CASE  V.  DiJtance  and  Departure  given , to  find  the 

refit. 

A Ship  fails  in  the  South  Weft  Quarter,  124  Miles, 
her  Departure  95  Miles;  I demand  her  Courfe  and 
Difference  of  Latitude. 


For  the  Difference  of  Latitude,  by  Rule  III. 


Diftance  - 
Departure 
Sum  


Difference 


Prod  u (ft- 


124 

95 


2 19 
29 


635*(79 

49 


1971 

433 

635,1 


149)1451 
*34i 
1 10 


The  Square  Root  of  6351  is  79  or  80  (becaufe  the 
Remainder  no  is  more  than  the  Root)  the  Difference 
of  Latitude  required. 


Then  for  the  Ccurfe , by  Rule  IV. 

Hypotenufe  or  Diftance 124 124 

Longeft  Leg,  which  here  is  Dep.  95  its  half  47.5 

Sup  1 7 1. 5 


As  1 7 1. 5,  is  to  86;  So  is  the  (horteft  Leg  (which 
here  is  the  Difference  of  Latitude)  80,  to  its  oppofrte 
Angle,  the  Complement  of  the  Courfe.  * 

86  171.5(6880.0(40  Degrees 

80  .0200 

■"  T-" — .4  * * ■ « 

6880  20.0-. 


The  Complement  of  the  Courfe  is  40  Degrees,  and 
confequently  the  Courfe  is  50  Degrees,  from  the  South 
Wefterly,  and  the  Difference  of  Latitude  is  So  Miles  fere, 

CASE 
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CASE  VI.  Difference  of  "Latitude  and  Departure  given, 
to  find  the  Courfe  and  Difiance. 


A Ship  fails  in  the  North  Weft  Quarter,  till  her  Dif- 
ference of  Latitude  be  220  Miles,  and  her  Departure 
108  ; I demand  the  reft. 


For  the  Difiancc,  by  Rule  II. 


220 

220 

108 

108 

Square  of  Diff.  Lat.  48400 

Square  of  Departure  ——  11664 

£ ^ 
0 

0 

0 

864 

1080 

• • • 

Sum  of  the  Squares  — 60064(245 

48400 

1 1664 

’ 4 

44)200 

‘Then  for  the  Courfe  by  Rule  IV. 

As  355  is  to  86;  So  is  108  to  the 
Angle  of  the  Courfe. 


108 

355)9288(26 

The  Diftance 

86 

2188 

is  245,  and  the 
Courfe  26  ,AS^ 

648 

On 

OO 

Degrees,  or  26d. 

864 

9m.  or  N.N.  W. 
tomewhat  more 

9288 

than  i Weft. 

1 76 

485)2464 

?425 

(39) 


L3  SECT. 
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SECT.  III. 

Oblique  T n angles,  by  a New  Method. 

Hew  to  folve  all  the  Cafes  in  Oblique  Plane  Triangles,  by 
this  new  Method,  without  any  Canon , Book,  Injtrument, 
&c. 

IN  the  Solution  of  Oblique  Triangles,  by  this  New 
Method,  it  is  necefiary  that  they  be  firft  divided 
into  two  right-angled  Triangles,  by  a Perpendicular  let 
fall,  in  which  oblerve  : 

Let  it  fall  from  the  End  of  a given  Side,  and  oppc- 
fite  to  the  given  Angle: 

By  this  Means,  the  Perpendicular  will  fometimes  fall 
within,  and  fometimes  without ; when  it  falls  within, 
it  falls  upon  fome  intermediate  Part  of  the  Bale,  of 
longeft  Side,  but  when  it  falls  without,  it  falls  upon 
one  of  the  fhorteft  Sides  continued  ; in  either  Cafe, 
there  i$  two  right-angled  Triangles  produced,  and  then 
the  Angles  or  Sides  fought,  are  found  as  if  they  were 
Parts  of  a right-angled  Triangle. 

*' 

* C A S E I. 

. ’ 1 . 

C The  Angle  at  A '30  o ) 

Given<The  Angle  at  B 35  o > Required  the  Side  AG. 
{The  Side  BC  290 } ' ‘ 

Here  the  Perpendicular  falls  from  the  End  of  the  git 
ven  Side  B C,  and  oppofite  to  the  given 
Fig.  48.  Angle  at  B;  and  then  in  the  Triangle  B D C 
is  given  the  Angle  at  B,  and  the  Side  BC, 
to  find  the  Side  CD,  which  being  found,  there  is  given 
in  the  Triangle  ADC,  the  Angle  at  A,  and  the  Side 
D C,  tQ  find  AC,  the  Sidy  required. 

I (hall  not  trouble  the  Reader  with  the  Operation  for 
finding  Natural  Radius,  it  having  been  often  enough 
repeated  in  the  former  Part;  but  being  found  by  Me- 
thod l.  the  Natural  Radius  for  the  Angle  45  is  6362  ; 

therefore-. 


Digitized  by  Google 


Se£t.  III.  Oblique  Sailing  by  a New  Method.  1 5 1 

therefore,  As  63.62,  to  Side  CB,  290;  fo  45,  the  An- 
gle at  B,  to  Side  oppofite  CD. 

45  63.6 2), 13050.00(205  The  Side  CD  205. 

290  . .326.00 


4050  . . 790 

900 


13050 

Now  in  the  Triangle  ADC,  is  given  the  Angle  at  A 
3od.  om.  and  the  Side  DC  205,  to  find  AC. 

The  Natural  Radius  found  by  Method  II.  for  the  An- 
gle 30  is  60.  Therefore, 

As  the  Angle  at  A 30,  is  to  the  Side  oppofite  DC 
205  ; fo  is  60  to  the  Hypotenufe  AC  required. 

20 5 30)12300(410  The  Side  AC  required. 

60  .30 

. .00 

12300 

CASE  II. 

(The Side AB  560 

Given  ^The  Side  AC  410  > Required  the  Angle  at  C. 

( The  Angle  B 45.0  ) 

Here  the  Perpendicular  falls  without,  upon  the  Side 
PC  continued,  and  in  the  Triangle  BDA  there 
is  given  the  Angle  at  B 45,  and  the  Hypote-  Fig.  49. 
jtufe  AB  560,  to  find  AD,  which  being  found 
you  have  given  in  the  Triangle  CAD,  the  Hypotenufe 
CA,  and  the  Leg  AD  to  find  the  Leg  CD,  and  the 
Angle  DAC ; and  by  Subtraction,  the  Angle  DCA, 
and  the  Angle  BCA,  in  their  proper  Cafe  of  right-an- 
gled Triadgles. 

; L 4 The 
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The  Operation. 

The  Natural  Radius  for  the  given  Angle  45,  is  63.62, 
as  found  by  Method  I : Therefore,  as  63.62,  to  the  Hy- 
potenufe  560 ; fo  is  the  Angle  at  B 45,  to  the  Side  op- 
pofite  AD. 

560  63.62)25200.00(396  the  Side  AD: 

45  . 6114.0 

- 388.20 

2800 

2240  . .6.48 


25200 


Then  you  have  AD  396,  and  AC  410,  to  find  CD 
by  Rule  111.  thus  : 

Side  AC  — 

Side  AD  — 


Sum  — 
Difference 


Pr-odudt 


410 

— 396 

• • • 
ii284( 

t 

i 

* ^ ouu 

20)01 2 

3224 

00 

806 

206)1284 

- 11284 

1236 

(48) 


Then  for  the  Angle  CAD,  by  Rule  JV. 

Hypotenufe  AC 410  As  608  is  to  86;  fo  is 

Halfthe  LegAD  198  106  to  the  Angle  CAD. 

■ ■■  • 106  608)91  i6(i4A6|| 

Sum  . 608  86  3036  ' 


/ 


636 

848 

9116 


604 


The 


i 
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The  Angle  CAD  is  ot  rather  15  Deg.  which 

fiibtraded  from  90,  leaves  ACD  75  Deg.  and  that  fub- 
trafted  from  180,  leaves  105  Deg.  the  Angle  ACB  req. 

CASE  III;  Given  as  in  Cafe  II.  to  find  the  third  Side  BC. 

In  the  whole  Triangle  BDA,  you  have  given  the  An- 
gle ABD  45,  and  the  Hypotenufe  BA  560;  alfo  by 
Confequence,  the  An^le  BAD,  which  is  alfo  45,  to  find 
the  whole  Side  BD ; but  in  this  Cafe  the  acute  Angle 
being  equal,  viz.  45  Degrees,  the  Leg  BD  is  equal  to 
AD  396}  then  having  found  CD  106,  by  the  fecond 
Operation  in  Cafe  II.  fubtraft  it  from  the  whole  Side 
BD  396,  the  Remainder  290,  is  the  Side  BC  required. 

CASE  IV. 

CThe  Side  AC— —410  } 

Given  <The  Side  AB 560  >RequircdtheAng.  atB. 

CThe  Angle  at  A — 30. 0} 

In  the  Triangle  AEC,  is  given  the  Angle  at  A 30, 
and  the  Hypotenufe  AC  410,  to  find  CE, 
which  by  the  firft  Cafe  hereof  is  found  to  be  Fig.  50. 
205,  and  therefore  I need  not  repeat  the  Ope- 
ration. Then  in  the  fame  Triangle  ACE,  there  is  given 
the  Sides  AC  410,  and  CE  205,  to  find  the  Side  AE, 
by  Rule  III. 

AC  , — 

CE  

Sum  — 

Difference 


Trodtid 

j»  ♦ * - ? • 


— 205  i26o75(355,theLegAE 

- 205  65)360 

325 

3075  • 

12300  705)3575 


126075 


3525 
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The  Leg  AE  355  fubtrafted  from  the  whole  Side 
AB  560,  reft  EB  205 ; then  in  the  Triangle  BEC,  you 
have  given  BE  205,  and  EC  205,  to  find  CB  by  Rule 
II.  and  the  Angle  B by  Rule  IV.  but  in  this  Cafe,  BC 
and  EB  being  equal,  the  Angle  at  B is  proved  45  De- 
grees, without  Calculation. 

CASE  V. 

Given  as  in  Cafe  IV.  to  find  the  third  Side  BC. 

Although  this  is  the  fifth  Cafe  in  the  Trigonometrical 
Operation,  yet  the  Side  BC  is  necefiarily  found  in  Cafe 
IV.  before  the  Angle  at  B can  be  found  ; and  therefore, 
although  the  Operation  in  Cafe  IV.  be  fomewhat  tedi- 
ous, yet  both  the  Fourth  and  Fifth  Cafes  are  included 
in  it.  • ' - ' 

CASE  VI; 
f AB  560} 

(Siven  < AC  41  o>  Required  the  Angle  at  A. 

(BC  290  S 

Find  AE  by  the  Rule  laid  down  in  Axiom  IV.  of 
Plane  Triangles.  As  the  Bafe  AB  560,  is  to  the 
Fig.  51.  Sum  of  the  other  two  Sides,  700;  So  is  the 
Difference  of  the  faid  Sides  120,  to  the  Diffe- 
rence of  the  Segments  of  the  Bafe  AD  150,  as  by  the 
Operation  below. 

* • 

• 120  56.0)14000(1 50  To  the  half  Diff.  75  add 

760  2 80  the  half  Bafe  280,  the  Sum 

— - ■ • • 355  is  the  greater  Bafe  AE? 

84000  . .<50 o but  fubtra&ed  the  Diffe- 

rence is  the  leffer  Bafe  EB 
205. 

Then  in  the  Triangle  AEC,  there  is  given  AC  410, 
and  AE  355,  to  find  CE  by  Rule  III.  and  the  Angle  at 
A by  Rule  IV.  - . • - * 

. The 

*>•  - 
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The  Side  AC  ■ ■ 410 


The  Side  AE 


355 


Their  Sum  

Their  Difference- 


765 

-55 


3g25 
3^2  5 


Product 


42075 


42075(20 5 
405)02075 
2025 


50 

• The  Square  Root  of 
42075,  viz.  205,  is  the 
Side  C£  required. 


Then,  by  Rule  IV.  find  the  Angle  at  A. 

Hypotenufe 410 

Half  the  longed  Leg  — 1 77.5 


Their  Sum 


587-5 


As  587.5  is  to  86  j fo  is  CE  205,  to  the  Angle  oppo- 
fite  at  A 30. 

205  587.5)17630.0(30  The  Angle  at  A. 

86  ...  50  requiredv 


1230  50 

1640 


17630 

Although  this  Method  be  not  altogether  fo  expediti- 
ous for  Obliqjje  Triangles,  as  the  Calculation  by  Lo- 
garithms, becaufe  you  are  obliged  to  divide  every  Ob- 
lique Triangle  into  two  Right-angled  ones,  which  fome- 
times  requires  two  Operations ; yet  I thought  fit  to  in- 
lert  it  to  make  the  Method  compleat,  it  being  of  great 
Ufe  when  Tables  are  wanting,  and  of  fufficient  Exadnefs 
for  mod  Ufes  in  Navigation  •,  but  the  Right-angled  Ca- 
fes, are  performed  hereby.  I fhall  recommend  to  the 
Reader,  being  very  ufeful,  diffidently  exadt,  and  as  ex- 
peditious as  any  Method  commonly  in  Ufe. 

SECT. 
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SECT.  IV. 


Ho-vb  fo  'find  the  Difference  of  Longitude , and  keep  a Reckon - 
ing  both  in  Latitude  and  Longitude , by  this  New  Method 
of  Trigonometry,  ( as  applied  to  Navigation ) without  the 
Help  of  any  Tables  or  Infirurrients  whatfoever , according 
to  Middle  Latitude,  which  is  of  fufficient  Exattnefs  for 
the  working  fo  fhort  a Difiance  as  a Day's  Run , and  con * 
fequently  of  great  Ufe  in  Navigation. 

YOU  may  remember,  that  in  Middle  Latitude  Sailing 
Trigonometrical , there  is  a Proportion  lor  finding 
the  Difference  of  Longitude,  which  is,  as  Sine  Com- 
plement of  Middle  Latitude,  is  to  the  Departure;  So  is 
Radius,  to  the  Difference  of  Longitude.  And  there- 
fore, in  Middle  Latitude  Sailing  Geometrical , one  Way 
which  I have  propofed  for  proje&ing  Middle  Latitude 
Sailing , is,  by  conflicting  a Right-angled  Plane  Tri-  , 
angle,  whofe  Angle  at  the  Bafe  is  equal  to  the  Comple- 
ment of  Middle  Latitude,  and  the  Perpendicular  is  equal 
to  the  Departure:  And  then  by  that  known  Proportion 
of  oppofite  Sides,  and  oppofite  Angles,  it  Will  neceffa- 
rily  follow  that  the  Hypotenufe  mufl  needs  reprefent 
the  Difference  of  Longitude;  which  being  granted, 
there  is  no  more  to  do  lor  finding  the  Difference  of  Lon- 
gitude, but  only  the  Solution  of  the  faid  Right-angled 
Triangle : Of  the  feveral  Varieties  of  which  you  have 
had  fufficient  Inftances  in  the  fix  Cafes  of  Plane  Sailing 
before  going,  where  any  two  Parts  being  given,  the 
other  two  are  eafily  found.  Neverthelef^,.  that  nothing 
may  be  wanting  for  the  Reader’s  Inftrudtion,  I fhall  in- 
ftance  in  one  Queftion  for  Example’s  Sake,  which  I 
fhall  firfl  work  by  this  new  Method,  and  then  by  the 
Method  propofed  in  Middle  Latitude  Sailing  Trigonome- 
tfical ; and  laftly,  fhall  work  the  fame  by  Mercator , to 

let 
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let  the  Reader  fee  tjje  Sufficiency  and  ExaCtnefs  of  this 
new  and  ufeful  Invention. 

Queftion.  A Ship  in  Latitude  38c!.  00m.  North,  fails 
South  25  Degrees  Eafterly  96  Miles ; I demand  the  La- 
titude come  to,  and  alfo  her  Departure  and  Difference 
of  Longitude 

The  Courfe  and  Diftance  is  the  fame  as  in  the  Exam- 
ple 2d  of  Cafe  I.  in  Plane  Sailing,  as  performed  by  this 
New  Method,  and  therefore  I ffiall  refer  you  to  the 
Operation  there,  for  finding  the  Difference  of  Latitude 
and  Departure.  The  Difference  of  Latitude  being 
there  found  to  be  87,  and  the  Departure  40^  or  40.5, 
and  therefore  (the  CoUrfe  being  Southerly)  the  Latitude 
come  to  is  56d.  33m.  and  conlequently  the  Middle  La- 
titude, found  by  the  Direction  and  Caution  laid  down 
in  Cafe  I.  of  Middle  Latitude  Sailing  ‘Trigonometrical  is 
57d.  17m.  and  the  Complement  of  Middle 
Latitude  is  32d.  43m.  From  hence  by  the  Fig.  52; 
foregoing  Directions,  is  conftituted  the  Tri- 
angle ABC,  wherein  the  Angle  at  A,  is  equal  to  the 
Complejnent  of  Middle  Latitude  3 2d.  43m.  and  the 
Side  oppofite.  BC,  is  equal  to  the  Departure  40.5,  both 
which  are  giyen  to  find  the  Llypotenufe  AC,  equaJ  to 
the  Difference  of  Longitude  required ; and  here  the 
Side  oppofite  to  the  leffer  Angle  being  given,  I ffiall  find 
Natural  Radius  by  Method  II.  And  here  oblerve,  that 
although  in  Queftions  of  Plane  Sailing , you  need  not 
regard  Minutes  in  the  Angle  of  the  Courfe,  becaufe 
whole  Degrees  are  exaCt  enough  to  keep  Account  of  a 
Ship’s  Way;  yet. in  this  Cafe  you  muft  not  omit  the 
odd  Minutes  in  the  Angle ; and  therefore  reduce  the 
odd  Minutes  to  Tenths  of  a Degree,  accounting  6 Mi- 
nutes for  one  Tenth  of  a Degree,  and  12  for  two 
Tenths,  &V.  And  then  42  Minutes  is  7 Tenths;  and 
this  Angle  being  3 2d.  4.3m.  I ffiall  call  it  32.7,  viz.  32 
and  7 Tenths,  it  being  but  one  Minute  more,  which 
cannot  caufc  any  great  Error  in  the  Operation. 

For 
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For  finding  Natural  Radius , by  Method  II. 

The  Angle  32.7  Then  becaufe  the  Hypo- 

Mult.  by  itlelf 32.7  tenufe  is  required,  the  Pro- 

portion  is, 

2289  As  the  Angle  32.7,  is  to- 
654  its  oppofite  Side  40.5 ; So 

981  is  Natural  Radius  60.5,  to 

■ the  Hypotenufe. 

Sq- of  the  Angle— 1069.29 
Mult,  by  ■ 3 

The  Produdl  — 3207.87 

Divided  by  1000,  the  Quo- 
tient is  3.207,  but  it  is 
exadt  enough  to  call  it 
3.2,  which  added  to  57.3 
the  Sum  is  60.5,  the  Na- 
tural Radius  required, 
a Decimal  Fradtion,  are  to 
Divifor  32.7  is  a Decimal,  I add  one  Figure  to  the"  Di- 
vidend, as  you  fee  in  the  Operation  above. 

The  Difference  of  Longitude  is  74ft*,  which  with- 
out exadlly  regarding  the  Fra&ion,  may  be  fet  down 
75 : And  this  Operation  may  be  performed  with  great 
Eafe  and  Readinefs,  with  a little  Pradtice,  although  I 
have  here  fet  it  down  in  Words  at  large,  to  make  it 
more  intelligible. 

The  fame  Quefion  anfwered  by  Middle  Latitude 
Sailing  Trigonometrical . 

FIND  Difference  of  Latitude  and  Departure,  and 
confequently  the  Latitude  come  to,  with  Middle  ' 
Latitude  and  Complement  of  Middle  Latitude,  as  in 
Cafe  I.  of  Middle  Latitude  Sailing  Trigonometrical^  which 
will  be  found  to  be  as  above  expreffed, 

, 1 •*  ■ - J 

Then 
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3025  304 

24200 


2450.25 

The  Produdt  of  the  Mul- 
tiplication is  but  2450,  the 
other  two  Figures  being  but 
3e  cut  off:  but  beranfi*  rfii*  . 


Digitized  by  Google 


Sea.  IV. 


I) iff.  of  Long,  by  a New  Method . 


“Then  for  the  Difference  of  Longitude. 

d.  m. 

As  Sine  Comp.  Mid.  Lat. 32  43  — 9.73278 

Is  to  the  Departure  ■ ■■  ■ 40.5  1.60745 

So  is  the  Radius  - — — -■  - 90  00  — 10.00000 


To  the  Difference  of  Longitude  — 74.9  ■ 1.87467 

4 

The  foregoing  Queftion  anfwered  by  Mercator’s  Sailing. 

FIND  Difference  of  Latitude,  and  confequently  the 
Latitude  corne  to,  as  in  Mercator's  Sailing  Trigono- 
metrical, and  you  will  find  the  Latitude  come  to  is  56d. 
33m  and  the  Departure  40J  or  40.5. 

Latitude  failed  from— 58d.  °om.}Mcrid  parts  f+*94 
Latitude  cotne  to 56  33  \ ' 14*33 


Meridional  Difference  of  Latitude  — — — 161 

Then,  Co.  Ar. 

As  proper  Difference  of  Latitude  87  • ■■■  806048 

To  Merid.  Diff.  of  Latitude 161  • 2.20682 

So  is  the  Dejtorture  - 405  1.60745 


To  the  Difference  of  Longitude  74.9  1.87475 


And  thus  you  fee  the  exatt  Agreement  of  this  with 
the  true  Operation,  as  performed  by  Mercator's  Sailing  •, 
it  not  differing  from  it  fo  much  as  one  Quarter  of  a 
Minute  in  Longitude,  in  fo  great  a Diftance  as  96 
Miles,  and  in  a Latitude  fo  near  the  Pole  as  58  Degrees, 
where  there  is  much  more  Danger  of  contradling  an 
Error  than  in  leffer  Latitudes,  or  Voyages  nearer  the 
Equator. 


CHAPj 
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CHAP.  VII. 


Practical  Navigation . 

o R, 


The  Application  of  the  foregoing  Rules  to  the  actual  keeping 
of  a Reckonings  according  to  the  fevered  Kinds  of  Na- 
vigation. 

HERE  are  four  Things  very  neceflary  to  be 
X.  known  by  all;  that  take  upon  them  the  Charge 
oficondudting  a Ship  from  one  Part  of  the  World  to 
another,  which  may  properly  be  called  the  Practical 
Part  of  Navigation. 

The  firft  is  a right  Underftanding  of.  the  Compafs, 
with  the  Variation  thereof,  in  order  to  the  true  Knowr 
ledge  of  the  Courfe  made  good.  , 

The  fecond  is  the  Log-Tine  and  Half-minute  Glafs, 
that  the  Knots  on  the  Log-line  be  a due  Length,  and 
that  the  Glafs  be  a juft  Half-minute,  that  thereby  you 
may.  as  near  as  poffible  find  the  true  Diftance.  - 

The  third  is  the  right  Manner  of  taking  and  working 
an  Obfervation  by  the  Sun  by  Day,  or  by  the  Stars  by 
Night;,  thereby  tq  find  the  true  Latitude,  and  to  corrett 
the  Dead  Reckoning,  if  there  has  been  an  Error  con- 
tracted either  in  the  Courfe  or  Diftance. 

And,  fourthly,  having  by  thefe  Means  and  Helps 
finilhed  your  Reckoning,  and  being  come  near  the  de- 
fired  Port,  it  is  alfo  neceflary,  that  there  be  a right  Un- 
derftanding of  the  Tides,  which  Way  the  Ebbs  and 
Floods  fet,  and  what  Moon  makes  full  Sea  upon  any 
Coaft,  that  To  it  may  be  known  how  long  to  ride  at 
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Anchor,  or  to  l;e  by  to  wait  the  Tide,  if  you  know 
you  are  too  foon  *,  or  what  fail  to  make  to  fave  your 
Tide,  if  you  fear  being  too  late : And  thefe  four 
Things  I lhall  handle  in  this  Part,  and  that  in  fuch  a 
Manner,  as  may  be  intelligible  to  the  meaneft  Capacity, 
and  molt  ufeful  as  well  as  mod  eafy  to  be  put  in  Prac- 
tice at  Sea. 


SECT.  I. 

Of  the  Variation  of  the  Compafs. 

THE  Way  commonly  taught  for  finding  the  Va- 
riation of  the  Compafs,  is  by  the  Sun’s  Azimuth, 
or  Amplitude*,  but  thefe  Ways  not  being  attainable  by 
any  but  thofe  who  have  learnt  fomething  of  Aftronomy ; 
and  being  alfo  treated  of  in  other  Books,  I lhall  not 
trouble  the  Learner  with  them,  but  proceed  to  a far 
eafier  Way,  which  is  this  : 

When  you  are  at  Sea,  and  defire  to  know  the  Vari- 
ation of  tile  Compafs,  take  your  Quadrant  about  8,  9, 
or  10  a Clock,  when  you  fuppofe  the  Sun  is  near  about 
half  up  from  the  Horizon  to  the  Meridian,  and  take 
an  Obfervation  of  the  Sun’s  Altitude,  as  you  would  do 
at  Noon  to  find  the  Latitude  of  the  Place,  which  being 
done,  lay  by  your  Quadrant  (letting  the  Vanes  remain 
unremoved)  and  by  your  Azimuth  Compafs  (if  you 
have  one  on  board ) fct  the  Sun,  and  mind  what  Point 
of  the  Compafs  the  Sun  is  upon  at  that  Obfervation. 
This  done,  wait  till  the  Afternoon,  that  the  Sun  grows 
almoft  as  low  as  he  was  when  you  obferved  in  the  Fore** 
noon,  and  then  with  your  Vanes  fix’d,  as  in  the  firft 
Obfervation,  obferve  till  the  Sun  be  fo  low,  as  that  the 
Vanes  fo  fixed  wil)  juft  take  the  Sun’s  Altitude  without 
altering  them*,  which  done,  obferve  immediately  (as 
before)  upon  what  Point  of  the  Compafs  the  Sun  is,  at 
that  Obfervation : Then  the  Space  between  that  Point 
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which  the  Sun  was  upon  at  the  firft  Obfervation,  and 
that  Point  upon  which  the  Sun  was  at  the  laft  Obferva- 
tion, divided  into  two  equal  Parts,  the  Middle  is  the 
true  South  Point  of  the  Compafs,  and  the  Diftance  be- 
tween that  and  the  South  Point  of  the  Card,  is  the  Vari- 
ation required. 

Example. 

Suppofe  at  the  Forenoon  Obfervation,  I find  the  Sun 
by  the  Compafs  to  be  South  Eaft  (it  matters  not  what 
his  Altitude  be,  fo  you  mind  what  it  be,  or  elfe  let  the 
Vanes  ftand  unremoved,  till  the  Afternoon)  and  fuppofe 
in  the  Afternoon  I find,  when  the  Sun  hath  the  fame 
Altitude,  that  he  bears  Weft  South  Weft*,  now  the 
Diftance  between  South  Eaft  and  Weft  South  Weft 
is  ten  Points,  the  Half  of  that  is  five  Points,  which 
reckoned  from  South  Eaft  towards  the  Weft  South 
Weft,  it  falls  upon  the  South  and  by  Weft-,  therefore 
I conclude  that  the  South  and  by  Weft  Point  of  the 
Compafs  points  to  the  true  South  Point,  and  the  Di- 
ftance between  the  South  and  by  Weft  Point  (which  is 
the  true  South)  and  the  South  Point  of  the  Compafs 
(which  we  may  call  falfe  ‘ outh)  or  (magnetical  South) 
is  the  Variation  of  the  Compafs  ; and  becaufe  the  mag- 
netical South  is  Eaftwards  from  the  true  South;  there- 
fore the  magnetical  North  is  Weftward  from  the  true 
North.  Here  I conclude,  that  the  Variation  is  one 
Point  Wefterly,  &V. 

In  this  Cafe  there  is  only  this  Caution  to  be  obferved; 
viz.  that  this  Obfervation  be  not  made  when  the  Ship  is 
running,  very  fall  Northwards  or  Southwards,  which 
may  make  fome  fmall  Error,  though  fcarce  difcernable  ; 
for  if.  the  Ship  ftood  (till,  the  Sun  would  have  exaftly 
the  fame  Altitude  at  8,  9,  or  to,  in  the  Forenoon, 
that  it  would  have  at  2,  3,  4,  in  the  Afternoon;  but 
if  the  Ship  fails  very-faft  to  the  Southward  in  North 
Latitude,  or  to  the  Northward  in  South  Latitude,  Ihe 
raifeth  the  Sun  a little,-  and  by  Confequence  the  Sun 
will  be  fomewhat  higher  at  4 in  the  Afternoon  than  at  8 
; : i - in 
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in  the  Morning,  and  may  caufe  fome  Error,  but  it  is 
little,  and  a Thing  that  feldom  happens:  And  if  it  do 
happen  that  your  Courfe  be  North  or  South,  and  the 
Wind  lb  fair,  you  may  defer  your  Obl’ervation  till  another 
Day,  (it  being  not  necefiary  to  fet  the  Variation  every 
Day)  and  thereby  the  Error  may  be  avoided,  and  yet 
the  Variation  exadtly  found  as  often  as  it  is  necefiary. 

Note I fhall  fhew  how  to  find  the  Variation  by  the 
Sun’s  Azimuth  and  Amplitude  hereafter  in  the  Aftro- 
nomical  Part. 


SECT.  II. 

How  to  divide  the  Log-line , and  try  a Half- Mi  - 
nute-Glafs. 

THEY  that  take  upon  them  to  be  Matter,  Mate, 
or  Pilot  of  a Ship,  and  would  be  very  exadt  and 
accurate  in  the  keeping  a Reckoning  or  Account  of  the 
Ship’s  Way,  ought  to  take  care  before  they  go  from 
the  Shore,  to  be  furnilhed  with  all  Things  necefiary  for 
that  Purpofe.  For  the  belt  of  Scholars,  the  greatefl 
Artifts,  the  moll  profound  Mathematicians,  or  the  molt 
experienced  Navigators  may  be  deceived,  and  carried 
into  the  grofieft  Errors,  by  a Defect  in  their  Inllru- 
ments,  or  Means  for  keeping  a Reckoning,  as  well  as 
the  molt  ignorant  may  be  by  a Defedt  in  their  Know-  , 
ledge,  and  l'o  far  as  they  defign  that  their  Account  lha!l 
not  depend  upon  their  Dead  Reckoning,  they  cughc 
chiefly  to  be  careful  in  (liefe  two  Things. 

Firlt,  the  Half- Minute  Glafs,  that  it  be  of  a due 
Length  ; for  if  it  be  longer  than  it  lhould  be,  it  makes 
the  Ship  by  Eftimation  to  run  fo  much  more  than  in- 
deed Ihe  does,  and  by  that  Means  perhaps,  in  a Month 
or  6 W.eeks  Sailing,  you  will  expedt  to  arrive  at  your 
Port,  or  make  fuch  or  fyich  Land,  when  in  fadt,  you 
are  §0,  fo,  or  80  Leagues,  or  more  or  lefs  fhort  of  it, 
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according  as  the  Error  of  your  Glafs  is  more  or  lefs. 
And  alcho’  it  is  hard  to  know  a true  Half-Minute  Glafs, 
yet  there  are  thefe  two  Ways  to  prove  them,  and  know 
whether  they  are  right  or  wrong. 

The  firft  Way  is  by  an  Expedient  mentioned  by  Mr. 
Henry  Philips , in  his  Advancement  of  the  Art  of  Naviga- 
tion, and  alio  quoted  by  Seller , in  his  Practical  Naviga- 
tion, and  ’tis  this : Take  a Bullet  of  any  competent 
Weight,  it  matters  not  what,  and  make  fail  to  it  a Piece 
of  fine  Thread,  or  Silk,  of  the  juft  Length  of  39  ^ In- 
ches-, let  there  be  a Noofe  on  the  End  of  the  Thread,  and 
let  the  very  End  of  the  Noofe  be  juft  39  i Inches  from 
the  Center  of  the  Bullet  (as  I faid  before)  then  hang  it 
up  by  the  Nooie  upon  a fmall  Pin,  where  it  may  hang 
at  Liberty,  and  lwing  freely,  and  fo  give  it  Way,  and 
each  Swing  fhall  be  a true  Second  of  Time  that  is,  each 
Time  that  it  pafifes  by  the  Perpendicular  let  fall  from 
the  Pin  on  which  it  hangs,  fhall  be  a Second  and  every 
Time  of  its  Return  to  the  Place  where  it  firft  began  its 
Motion,  is  two  Seconds  of  Time,  and  a Glafs  that  runs 
till  the  faid  Bullet  hath  made  30  Swings  fhall  be  a true 
Half-Minute-Glafs. 

A fecona  Way  (if  it  may  properly  be  fo  called)  is,  by 
the  Experience  of  thofe-  that  have  had  Occafion  to  ufe 
a Glafs  in  long  Voyages-,  and  having  a Line  rightly 
divided,  by  a Glafs  of  fo  true  a Length,  that  their  Dead- 
Reckming  when  qarefully  kept,  hath  agreed  with  the 
Truth  of  their  Obfervations;  and  that  their  making  of 
Land,  idc.  hath  fallen  out  according  to  Expectation,  by 
the  Dead-Reckoning i I fay  fiich  a Glafs,  or  another  of 
the  fame  Length,  ought  to  be  preferred  before  any  other, 
as  a true  Half-Minute  Glafs. 

A fecond  Thing  neceffary,  in  order  to  the  Keeping  of 
a true  Reckoning,  is  to  take  Care  that  the  Log-line  be 
rightly  divided;  for  although  the  Glafs  be  true,  yet  if  the 
Log-line  be  divided  into  Knots  too  long  or  too  fhort,  it 
muft  needs  make  an  Error  in  the  Reckoning,  according 
to  the  Proportion  of  the  Error  in  Divifions  of  the  Line, 
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if  you  work  by  a true  Half-Minute-Glafs.  Indeed,  if 
the  Divifions  of  the  Log-line  be  too  fhort,  and  theGiafs 
alfo  too  (hort,  (or  if  both  be  too  long,  which  is  the  fame) 
then  the  one  Error  helps  to  compeniate  the  other  ; but 
if  the  Faults  in  the  Line  and  in  the  Glafs  be  contrary, 
that  is,  the  one  too  long,  and  the  other  too  Ihort,  the 
Fault  is  intolerable. 

As  for  the  Length  of  each  Knot  on  the  Log-line,  or 
how  it  fhould  be  divided,  there  are  different  Opinions 
amongft  different  Authors  and  Navigators.  Indeed  it 
is  an  undeniable  Truth,  and  apparent  to  every  Man’s 
Realon,  that  one  Knot  upon  the  Log-line  fhould  be  the 
1 20th  Part  of  a Mile;  becaufe  half  a Minute  is  the 
120th  Part  of  an  Hour;  (for  as  the  Whole  is  to  the 
Whole,  fo  is  a Part  to  the  Part,  fife.)  but  the  Difficulty 
arifes  from  the  different  Opinions,  as  to  how  many  Feet, 
Yards,  &c.  there  are  in  one  Degree  of  a great  Circle 
upon  the  Earth.  Mr.  Ougbtred , in  bis  Circles  of  Pro- 
portion, will  have  66^  Miles  to  anfwer  one  Degree  upon 
the  Earth,  each  Mile  containing  5280  Feet.  Hence 
there  is  by  his  Account,  349800  Feet  in  one  Degree  of 
a great  Circle  upon  the  Earth,  and  5830  Feet  in  one 
Minute,  or  60th  Part  of  fuch  a Degree,  and  confequently 
the  1 20th  Part  of  a Minute,  or  Length  of  one  Knot 
upon  the  Log-line,  muft  be  48  -t  \ Feet. 

But  Mr.  Norwood , in  his  Seaman's  Praflice,  P.  43.  (re- 
lating an  Experiment  of  his  for  finding  the  Quantity  of 
one  Degree  of  a great  Circle  upon  the  Earth)  faith,  that 
one  Degree  contains  367200  of  our  Englijh  Feet  to  a 
Degree,  which  Account,  without  any  Allowance  would 
give  51  Feet  to  one  Knot  of  the  Log-line,  although,  for 
Reafons  there  mentioned,  he  allows  1 Foot  out  of  the  5 r, 
and  fo  would  have  1 Knot  of  the  Log-line  to  be  juft  50 
Feet:  But  how  far  that  Experiment  of  his  is  to  be  de- 
pended upon,  (confidering  theUnevennefs  of  the  Ground, 
and  Crookednefs  of  the  Ways  and  other  Inconvenien- 
cies,  which  he  could  only  give  Allowance  for  accord- 
ing to  his  Judgment)  and  alfo  how  far  that  one  Foot  in 
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51  may  compenfate  the  Way  that  the  Log.  makes  after 
the  Ship,  I fball  not  take  upon  me  to  determine.  In  the 
mean  Time  I fhall,  with  Submiflion  to  better  J udgments, 
rather  adhere  to  the  Way  of  dividing  the  Log-line,  that 
is  commonly  received,  and  uled  by  moft  Mariners,  I 
mean  that  of  42  Feet,  or  7 Fathom  to  one  Knot.  Now 
it  will  prefently  be  objected,  that  according  to  that  Di- 
vilipn  for  Half  a Minute,  multiplying  that  by  120,  for 
1 Mile,  and  that  Product  by  6©,  for  1 Degree,  there  is 
by  Confequence  but  302400  Feet  in  a Degree,  which 
feems  to  contradict,  and  intolerably  to  vary  from  the 
Opinions  of  the  ingenious  Mr  Norwood , and  other  expe- 
rienced Men  in  thel'e  Matters. 

I anfwer,  it  doth  not  contradict  them,  at  leaft  fo  much  ' 
as  at  firft  Appearance  it  feems  to  do;  for  one  grand  Rea- 
fon  why  I agree  to  thel'e  Ihorter  Divifions  is,  to  give  Al- 
lowance for  the  Way  that  the  Log  makes  after  the  Ship; 
for  altho’  there  is  fo  much  ftray  Line  allow’d,  as  may  be 
fuppofed  to  veer  the  Log  moderately  well  out  of  the 
Eddy  of  the  Ship’s  Wake,  yet  it  cannot  be  fuppofed,  but 
that  ftill  the  Log  muft  have  fome  Way  after  the  Ship,  if 
but  by  the  Weight  of  the  Line,  which  altho’  but  light, 
yet  the  Water  being  but  a foft  fluid  Subftance,  the  Log 
muft  needs  have  amotion  after  the  Ship,  and  efpecially 
failing  large,  and  in  a frefh  Gale,  it  cannot  be  but  that 
the  Wind  will  havefo  much  EffeCt  upon  the  Log,  and 
fo  much  of  the  fuperficial  Part  of  the  Water,  as  to  lhove 
it  along  after  the  Ship ; and  that  in  my  Opinion,  much 
more  than  one  Foot  in  5 1. 

Indeedanother  Confideration,  which  may  be  accounted 
a fecond  Reafon  why  I do  adhere  to  that  Way  of  dividing 
the  Line,  is,  becaufe  if  there'  is  an  error,  it  is  on  the 
fafer  Side  •,  for  although  the  Truth  is  beft,  if  it  could 
be  attain’d,  yet  if  an  Error  muft  be,  ’tis  better  that  the 
Reckoning  be  a-head  of  the  Ship,  than  that  the  Ship 
fhould  be  a-head  of  the  Reckoning-,  and  better  to  look 
put  for  Land  before  >ve  come  at  it,  than  to  be  a-Ihore 
before  \ve  expeCt  it. 
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• But  my  third  Reafon  is,  the  Confirmation  of  this  my 
Opinion,  by  the  daily  Practice  and  Experience  of  many, 
if  not  mod  Mariners,  who  ufe  this  Way,  and  find  the 
Succefs  to  anfwer  their  Expectations,  at  lead  much 
nearer  than  a much  larger  Divifion  would  do.  ’Tis  true, 
if  the  Generality  of  Glades  be  fo  much  too  fhort,  as  to 
countervail  thole  two  Ihort  Divifions  (if  they  arc  too 
Ihort)  it  were  to  be  wilh’d  that  the  Errors  in  one  were 
rectified,  and  then  the  Faults  in  the  other  mght  be  a- 
mended  ; but  till  then  I fhall  recommend  that  Way  of 
following  42  Feet,  or  7 Fathom,  to  one  Knot  of  the 
Log-line.  Indeed  if  it  be,  as  it  is  reported  by  fome, 
that  to  make  Amends  for  the  Ihortnefs  of  the  Knots, 
the  Glades  are  commonly  made  but  27  Seconds-,  and  if 
fo,  then  if  the  Glades  were  regulated  and  increaied  from 
27  Seconds  to  30,  the  Knots,  by  the  lame  Proportion, 
Ihould  alfo  be  increaied  from  42  Feet  to  46  A}  Feet  to 
one  Knot,  which  feems  more  agreeable  to  Reafon,  and 
to  Mr.  Norwood's  Obfervation. 

Note-,  When  you  divide  the  Log-line  you  mud  allow 
12,  15,  or  18  Fathom  of  Stray-Line,  according  to  the 
Bigneis  of  your  Ship,  accounted  from  the  Log,  before 
you  begin  to  fet  out  the  Knots,  and  then  put  in  a red  or 
white  Kag,  and  from  thence  begin  to  divide  the  Line 
into  Knots.  The  Reafon  of  the  Stray-Line  is  to  veer 
the  Log  pretty  well  out  of  the  Ship’s  Wake,  lead  the 
Eddy  fhould  fuck  the  Log  after  the  Ship,  and  deceive 
you  in  your  Reckoning. 

•  • r --  

SECT.  III. 

How  to  make  a Plane  Chart. 

THE  Log-line  being  thus  divided,  and  the  Half- 
Minute-Glafs  examined  and  regulated,  the  next 
Thing  is  to  make  a Chart  for  the  Voyage  intended-,  and 
of  Charts  there  are  feveral  Sorts. 

The  fird  is  commonly  called  a Plane  Chart,  in  which 
the  Degrees  of  Longitude  and  Latitude  are  every  where 
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equal  without  any  Refpeft  to  the  Globularnefs  of  the 
Earth,  but  rather  fuppohng  the  Earth  and  Sea  to  be  a 
p ane  Superficies ; and  hence  it  is,  that  this  Projection  is 
fali'e,  except  in  Places  under  or  very  near  the  Equinoc- 
tial. However  it  being  much  in  Ufe,  I (hall  lay  down 
the  Projection  of  it  as  followeth. 

If  you  would  make  a Plane  Chart  for  all  the  Earth 
and  Sea,  it  is  belt  to  do  it  upon  two  Sheets  of  Paper  ; 
one  Half  upon  each  Sheet.  Through  the  Middle  of  each 
Sheet,  crofs- ways,  from  the  Right-hand  to  the  Left,  draw 
the  (potted  Line  AB,  whichdivided  into  1 80  equal  Parts, 
by  any  equal  Parts  of  the  Scale,  as  large  as  your  Paper 
will  contain,  which  you  may  mark  at  every  io  Degrees 
with  Figures,  10,  20,  30,  Cfr.  to  180,  beginning  at  any 
Place  where  you  intend  to  reckon  your  Longitude  from, 
which  fuppoie  let  it  be  in  London , let  your  Chart  begin 
at  the  Weft  or  Left-hand,  andfo  reckon  Eaftwards,  a^ 
in  the  following  Example,  where  the  two  Charts  contain 
all  the  360  Degrees  of  Longitude  in  Compafs,  and  90 
Degrees  of  Latitude  each  Way  from  the  Equinoctial 
Then  from  the  Middle  of  the  Chart,  as  a Center,  draw 
the  32  Points  of  the  Compafs,  as  you  fee  done.  Then 
for  inferring  any  known  Place  in  the  Chart,  find  by  the 
Table  of  Latitudes  and  Longitudes  of  Places  what  La-> 
titude  and  Longitude  your  Place  hath,  and  place  it  in 
that  Latitude  and  Longitude  in  the  Chart;  as 
Fig  53,  for  Example, fuppofe  I would  infert  the  Lizard , 
and  the  Weft- end  of  Cyprus  in  the  Straits , and 
would  find  their  Bearing  and  Diftance;  according  to  the 
Plane  Chart,  I find  the  Latitude  of  the  Lizard  in  the 
Table  is  49d.  55m.  North,  and  Longitude  5d.  14m.  W. 
I reckon  upon  the  Line  AB,  which  is  the  Equator,  till  I 
come  at  5 Degrees,  viz.  5 of  the  fmall  Divisions,  and  as 
near  as  I can  compute,  fomewhat  lefs  than  k of  another 
fmali  Divifion  for  the  14  Minutes,  and  fetting  one  Foot 
of  the  Compafies  in  that  Mark,  I extend  the  other  to  the 
pext  North  and  South  Line,  and  running  them  up  into 
Eatitude49d.  55m.  I make  the  Mark  © to  reprefent  the 
" . ’ JJzard\ 
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Lizard  ; and  by  the  fame  Method  I find  the 
Fig.  53.  Weft-end  of  Cyprus  at  the  Mark  ^ then  the 
• Diftance  between  thefe  two  Marks  taken  in 
your  Compafs,  and  applied  to  the  Equator  AB,  account- 
ing every  Degree  60  Miles,  and  every  10  Degrees  600 
Miles,  gives  the  Diftance  between  the  two  Places,  ac- 
cording to  the  Plane  Chart;  and  then  for  the  Courfe, 
obferve  what  Line,  or  Point  of  the  Compafs,  a Line  fup- 
pofed  to  be  drawn  between  thefe  two  Places  would  be 
parallel  to,  or  neareft  thereunto,  which  in  this  Cafe  you 
fee  is  an  E.S.E.  and  W.N.W.  Line,  the  neareft  Point 
reprefenting  the  Courfe  required. 

In  like  manner  you  may  infert  any  other  Place  whofe 
Latitude  and  Longitude  is  given ; as  for  Inftance,  I have 
inferted  the  following  Places,  which  becaufe  the  Draught 
is  too  fmall  to  contain  the  Names  at  large.  I have  repre- 
l'ented  them  by  the  following  Letters  annexed  to  them. 

© The  Lizard. 

A The  Ifland  of  Cyprus , in  the  Straits, 
a Majorca , an  Ifland  in  the  Straits.  7 

b Barbadoes. 

,c  Jamaica. 

h Cape  Henry  in  Virginia, 
o Bengal , in  the  Eaft-Indies, 
d Cape  Bona  Efperanza. 
e The  Haze  of  Norway. 

Thefe  are  fufficient  to  let  the  Learner  fee  how  to  fet 
down  the  Places  in  a Plane  Chart.  - 1 

But  fuppofe  you  are  to  fail  from  any  one  of  thefe 
Places,  or  any  other  Place,  to  fome  other  Port,  it  is  beft 
to  make  a Chart  for  the  particular  Voyage,  to  contain 
only  fo  much  of  the  Earth  and  Sea  as  is  contained  be- 
tween the  two  Places,  or  little  more,  and  then  you  may 
make  your  Degrees  of  Latitude  and  Longitude  larger, 
as  in  the  following  Example. 

. A Ship  fets  fail  from  Flatnborough-Head , in  Lat.  54d. 
§m.  North,  and  Longitude  od.  10m.  E.  intending  for 
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the  Naze  of  Norway , in  Lat.  57c!.  50m.  and  Long.  yd. 
22m.  E;  I delire  a Chart  made  of  that  Voyage. 

This  Chart  is  made  to  contain  from  54  to  58'  of  North 
Latitude,  and  nearly  9 Deg.  of  Weft  Longi- 
tude ; and  then  by  the  former  Rules,  the  Point  Fig.  54. 
A reprefents  Flamborough-Head,  and  the  Point 
O upon  the  oppofite  Corner,  is  the  Naze  of  Norway : 
Then  at  Flamborough-Head  the  Place  failed  from,  as  a 
Center,  I deferibe  a Quarter  of  a Compafs,  which  in  this 
Cafe  is  always  fufficient,  and  thus  is  the  Chart  ready  for 
the  Voyage.  - • 

As  for  fetting  off  the  Courfes  and  Diftance,  or  Diffo 
rence  of  Latitude  and  Departure,  upon  a Chart,  com- 
monly called  pricking  a Chart,  I (hall  refer  it  till  I come 
to  give  fome  Examples  of  keeping  a Journal  by  the  Log 
and  Compafs. 

How  to  make  a Mercator  s Chart. 

A Mercator's  Chart  appears  fomewhat  like  a Plane 
Chart,  only  with  this  Difference,  that  whereas,  in 
a Plane  Chart,  the  Degrees  of  Latitude  and  Longitude 
are  every  where  equal,  it  is  notfo  in  a Mercator's  Chart, 
for  in  it  the  Degrees  of  Latitude  bear  the  fame  Propor- 
tion to  the  Degrees  of  Longitude,  that  they  do  upon  the 
Globe;  and  the  Invention  of  this  Chart  is  mofl  properly 
owing  to  our  worthy  and  ingenious  Countryman  Mr. 
Edward  Wright^  as  may  be  feen  in  his  Corrections  of  the: 
Errors  of  Navigation : However,  (I  know  not  well  for 
what  Reafon)  unjuitly  aferibed  to  Mercator.  Now,  al- 
though upon  the  Globe  the  Degrees  of  Latitude  are  eve- 
ry where  equal,  and  the  Degrees  of  Longitude  grow  lefs 
nearer  the  Poles;  yet  in  this  Chart  it  is  not  fo,  for  the 
Meridians  are  Parallel,  and  every  where  equal,  as  in  a 
Plane  Chart,  but  the  Degrees  of  Latitude  grow  bigger 
near  the  Poles ; fo  that  in  a Mercator's  or  Wright's  Chart, 
there  is  always  the  lame  Proportion  between  a Degree  of 
Latitude,  and  a Degree  of  Longitude,  in  any  Parallel, 
as  there  is  upon  the  Globe  itfelf,  though  the  Diftances 
are  extravagantly  diftended,  ei'pecially  near  the  Poles. 

For 
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For  the  Projection  of  this  Chart,  there  are  two  Lined 
upon  Gunter's  Scale,  commonly  placed  next  the  Bottom, 
on  that  Side  upon  which  the  Logarithmic  Numbers, 
Sines,  and  Tangents  are;  the  loweft  of  the  two  is  a 
Scale  of  equal  Parts,  and  the  next  to  it  is  called  the 
Meridian  Line,  by  the  Help  of  which,  if  you  would 
draw  a large  Chart  of  all  the  World  between  8 5 Deg. 
of  North  Latitude,  and  85  Degrees  of  -South  Latitude, 
you  mud  prepare  large  Paper ; or  pafte  Sheets  of  Paper 
together,  till  your  Sheet  contain  about  four  feet  each 
Way,  through  the  Middle  of  which  draw  the  Equi- 
noctial Line,  as  you  fee  in  the  Plane  Chart  before  in- 
ferred, and  graduate  it  with  io,  20,  30,  &?r.  by  thofe 
Divifions  upon  the  Line  of  equal  Parts  now  mentioned, 
which  done,  when  you  fee  how  far  the  180  Degrees  of 
Longitude  reach  (if  you  make  the  Chart  in  two  Parts, 
or  to  the  360  Degrees,  fuppofe  you  make  it  all  in  one 
Draught,  as  your  Sheet  of  Paper  four  Feet  iquare  will 
be  large  enough  for  that  Purpofe)  there  draw  Lines  at 
Right-angles,  with  the  Equinoctial  Line,  as  you  fee 
in  the  foregoing  Charts,  the  Lines  CAE,  and  DBF, 
Fig.  53,  then  thefe  Lines  graduated  from  A the  Equi- 
noctial, both  Ways;  by  the  Graduations  upon  the  Me- 
ridian Line  upon  the  Scale,  fhall  fet  off  every  Parallel  of 
Latitude  according  to  Mercator ; and  when  the  Lines 
on  both  Sides  are  To  graduated  upwards  and  downwards, 
from  the  Equinoctial,  the  Lines  drawn  from  every  De- 
gree on  one  Side  to  the  fame  Degree  on  the  other  Side, 
fhall  represent  the  Parallels  of  Latitude  required. 

But  becauie  thefe  Graduations  would  be  too  fmall  to 
make  a Chart  by,  for  any  particular  Voyage,  it  is  better 
to  make  the  Chart  larger,  and  in  that  Cafe  the  Want  of 
a Meridional  Line  fo  large,  may  be  fupplied  by  a Table 
of  Meridional  Parts;  for  having  drawn  the  Equinoctial, 
or  any  other  Parallel  of  Latitude,  which  is  the  fame, 
for  one  Out-line  of  your  Chart ; fet  off  60  of  any  equal 
Parts  for  every  Degree  of  Longitude,  both  at  the  Top 
#ind  Bottom  of  your  Chart;  this  done,  find  (by  the 
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Rules  laid  down  in  Mercator's  Sailing  Trigonometrical) 
the  Meridional  Difference  of  Latitude,  or  the  Meridion- 
al Parts  contained  between  that  Degree  and  the  next, 
thele  taken  from  the  fame  Scale  of  equal  Parts,  and  fet 
from  the  laft  Degree  marked,  fhall  find  the  next  De- 
gree, and  fo  in  the  reft. 

The  Rumbs,  of  Points  of  the  Compafs,  are  exactly 
the  fame  as  in  a Plane  Chart. 

I fhall  explain  what  hath  been  faid  by  an  Example  of 
a Mercator's  Chart,  from  Flamborougb-Head  to  the  Naze 
of  Norway  before-mentioned. 

Lat.  Long. 

Flamborougb-Head 58d.  8m.  N,  od.  iom.  W: 

Naze  of  Norway  ^7  50  N.  7 22  E. 

Now  it  is  beft  to  make  the  Chart  to  a whole  Degree, 
and  therefore  in  this  Example  I (hall,  as  before,  make 
it  from  Lat.  54  to  58,  and  to  contain  9 Degrees  of 
Longitude. 


Merid.  Parts  for  Lat.  58d.  om. — — 4294 

Merid.  Parts  for  Lat.  54d.  8m.  3871 


Merid.  Diff.  of  Lat.  in  the  whole  Chart  — 416 
Diff.  of  Longitude  in  the  whole  Chart  540 


Having  drawn  the  Line  d a,  fet  off  the  whole  Me- 
ridional Difference  of  Latitude  416,  of  any  convenient 
Scale  of  equal  Parts,  from  d to  a , and  draw  a b , and  d c, 
perpendicular  to  d a,  and  fet  off  the  whole  Difference 
of  Longitude  9 Degrees,  or  540  Min.  from  d to  r,  and 
a to  b,  and  draw  c b\  thus  you  have  the  whole  Subftancc 
of  your  Chart. 

Then  fet  60  of  the  fame  Parts  from  d to  o,  and  from 
O to  1,  and  from  1 to  2,  &c:  both  upon  the  Lin td  r,  and 

upon  the  Line  a b,  and  draw  the  Line  o o 1 — 1, 

&V.  thus  is  your  Longitude  graduated. 

Then  for  the  Latitude,  find  the  Meridional  Difference 
pf  Latitude,  between  Lat.  54  and  55,  which  is  103, 
therefore  fet  103  of  the  fame  equal  Parts  from  a to  55, 

and 
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and  from  b to  55,  and  draw  the  Line  55 — 55  ; then 
find  the  Meridional  Difference  of  Latitude  between  Lat. 

55,  and  Lat.  56,  which  is  106,  which  fet  from  55  to 

56,  on  both  Sides,  and  draw  the  Line  56 — 56,  and  fo 
find  alfo  the  Line  57 — 57.  Then  upon  the  Center  A, 
which  reprefents  the  Place  failed  from,  draw  a Quarter 
of  a Compafs,  the  Rhumb  upon  that  Compafs  fhews  the 
true  Courfe  from  Flamborougb-Head , at  the  Point  A,  to 
the  Naze  of  Norway , at  the  Point©,  which  you  fee 
differs  much  from  the  Courfe  found  by  the  Plane 
Chart: 

The  Diftance  between  any  two  Places  in  a Mercator’s  • 
Chart  is  thus  found ; find  the  Difference  of 
Latitude  between  the  two  Places,  which  here  Fig.  55. 
is  3d.  42m.  or  222  Minutes,  which  fet  off 
upon  the  Lines  a b\  take  the  3 whole  Degrees  from 
the  3,  and  the  42  Min.  in  the  lubdividing  Degree,  ac- 
counting every  Part  10  Min.  becaufe  the  Degree  is  di- 
vided into  6 Parts  i then  keeping  your  Compaffes  at 
that  Extent,  lay  a Ruler  fo,  as  it  may  juft  cut  the  two 
Places,  whole  Diftance  is  required  ; then  fet  one  Foot 
of  your  Compaffes  at  the  Ruler’s  Edge,  fo  as  that  the 
other  turned  about  may  juft  touch  fome  Eaft  and  Weft 
Line,  then  keeping  that  Foot  fall  that  flood  againft  the 
Ruler,  open  the  other  to  the  crofting  of  the  Ruler,  and 
the  faid  Eaft  and  Weft  Line,  that  Extent  meafured  on 
the  Parallel  a b , allowing  60  Miles  to  every  Degree, 
gives  the  true  Diftance  required. 

Thus  a Scale  laid  from  a to  0,  defcribes  the  pricked 
Line  a ©,‘then  with  3d.  42m.  in  your  Cornpafles,  and 
one  Foot  in  b , the  other  turned  about  will  juft  touch 

the  Line  57 57;  then  obfervc  where  the  Line 

57 57  cuts  the  prick’d  Line  a ©,  as  in  k , the  Ex- 

tent h k,  meafured  on  the  Line  a b,  gives  the  true  Dif- 
• tance. 

How  to  make  a true  Plane  Chart. 

BUT  a Third  Sort  of  Charts  I fhall  now  defcribe^ 
which  is  as  true  as  Mercator ’s,  and  yet  as  plain, 

eafy. 
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eafy,  and  expeditious  for  Pra&ice,  as  the  Plane  Chart, 
but  it  cannot  be  made  but  by  a particular  Voyage,  and 
generally  when  you  intend  to  come  back  the  fame  Way 
you  go,  and  it  is  thus  made. 

Having  the  Latitude  and  Longitude  of  the  two  Places 
between  which  you  are  to  fail,  find  the  true  Courfe  and 
Diftance,  by  Cafe  the  Sixth  of  Mercator’ s Sailing , which 
found,  fet  off  the  Courfe  and  Diftance  between  the 
Place  failed  from,  and  the  Place  bound  for,  as  you  are 
taught  in  Traverfe  Sailing  Geometrical  -,  fo  have  you  two 
Points  reprefenting  the  two  Places,  and  if  your  Ship 
fail  upon  feveral  Courfes  and  Diftances,  in  Form  of  a 
Traverfe,  as  you  are  taught  in  Traverfe  Sailing  Geome- 
trical, you  may  every  Day  fet  off  the  Courfe  and  Dif- 
tance from  the  Ship  to  the  Place  bound  for,  according 
to  Mercator , -and  yet  it  is  done  as  eafily  as  in  Plane  Sail- 
ing. Ilhall  inftance  in  the  fore-mentioned  Voyage. 

Lat.  Long. 

ASKxytiihfxomFlamborough-Hcad  54d.  8m.  od.  iom  E.1 
Intending  for  the  of  57  50  7 22  E. 

For  the  Courfe , according  to  Mercator. 

As  Merid.  Diff.  Lat. 401  2.603144 

Is  to  Radius * — 9od.  00m.  — 10.000000 

So  is  Diff  of  Long.  — 432  — — — 2.635484 

10.032340 

• 9-832697 

2-346353 

10.000000 

To  the  Diftance 32 6TV  — 2.513656 

Here  A reprefents  Flamborough- Head,  B the  Naze  of 
Norway,  the  Line  AB  the  true  Diftance,  326 
Fig.  56.  Miles,  the  Angle  CAB  47ft.  08m.  the  Courfe 
from  the  Meridian,  and  in  this  Chart  the  De- 
grees of  Latitude  are  equal  Divifions,  and  eafily  repre- 

fented, 


To  the  Tangent  of  the  Courfe — 47  08 
Then  for  the  Diftance. 

As  Sine  Comp,  of  Courfe 42d.  52  m.  — ■ 

To  proper  Diff.  of  Lat.  » 222  

So  is  Radius 90  00 
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fented,  but  the  Degrees  of  Longitude,  if  they  arc  in- 
ferted  here,  would  be  curved  Lines,  and  hard  to  pro- 
ject j nor  is  it  needful,  feeing  upon  this  Chart  you  need 
not  regard  the  Longitude  as  you  go  along,  but  only  the 
Courfe,  and  Didance  upon  each  Courfe,  according  to  the 
Rules  laid  down  in  the  fecond  (^ueftion  of  Tr, aver ft 
Sailing  Geometrical. 

Having  thus  (hewed  how  to  make  the  feveral  Charts, 
I (hall  (hew  the  Ufe  of  them,  when  I come  to  give  (bine 
Examples  of  keeping  a Journal,  in  which  I (hall  in- 
(tance  in  the  fame  Voyage,  for  which  thefc  Charts  arc 
projected,  and  (hall  (hew  the  Learner  how  to  prick  off 
every  Day’s  Work  upon  each  Chart ; of  which  here- 
after. 


SECT.  VI. 

i 

How  to  take  an  Obfervation. 

THE  mod  ufeful  and  eafy  Way  to  take  an  Ob- 
fervation by  the  Sun,  is  with  a Quadrant,  com- 
monly called  Davis' s Quadrant  *,  confiding  of  two 
Arches,  in  fome  a 30  Arch,  and  60  Arch  ; but  more 
commonly  of  late,  an  Arch  of  25  Degrees,  and  another 
of  65;  but  the  Way  of  ufing  them  is  all  ooe  and  the 
fame ; for  by  thefe  Quadrants  you  do  not  fo  readily 
find  the  Sun’s  Altitude,  but  the  Complement  of  the 
Sun’s  Altitude,  commonly  and  (and  properly)  the  Sun’s 
Zenith  Didance,  being  the  Sub’s  Didance  from  the 
Zenith,  or  Point  right  over  your  Head,  which  is  eafily 
found  by  one  of  thefe  Quadrants;  for  having  fitted  your 
Vanes  fo,  as  that  when  you  have  the  Horizon  right  ' 
through  the  Sight  Vane  and  Horizon  Vane,  the  Shadow 

may 


* When  this  Book  was  firftpubl  idled,  Davis’ s Quadrant  was 
the  bed  Inftrument  then  known  by  Mariners,  for  this  Purpofc; 
but  Hadley’s  is  now  fo  much  in  Ufe,  fo  fu  peri  or  in  Pra&ice,  and 
fo  well  underftood,  that  nothing  more  need  here  be  faid  of  it. 
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may  at  the  fame  Time  fall  direCtly  from  the  Top  of  the 
Shadow  Vane  to  the  Top  of  the  Slit  (which  is  the  Mid- 
, die)  of  the  Horizon  Vane,  ftill  removing  the  Sight 
Vane  downwards,  as  you  obferve  the  Sun  to  rife,  till  you 
find  that  the  Sun  is  upon  the  Meridian,  and  then  you 
have  done  your  Obfervation  for  that  Day.  This  done, 
obferve  what  Number  or  Figure  you  have  upon  the  60 
(or  65)  Arch,  juft  under  the  upper  Edge  of  the  Sha- 
dow Vane,  (which  Ihould  always  be  placed  upon  an 
even  10  Degrees,  tofave  Trouble  in  the  Addition)  and 
alfo  to  obferve  what  Degree  and  Minute  you  have  up- 
on the  30  (or  25)  Arch,  juft  under  the  Middle  of  the 
Sight  Vane,  even  with  the  Line  or  Stroke  that  goes 
from  the  Hole  along  the  Middle  of  the  Vane;  and 
thefe  two  Numbers  added  together,  the  Sum  is  always 
the  Zenith  Diftance,  which  is  to  be  ufed  as  in  the  fol- 
lowing Directions  for  working  an  Obfervation. 

How  to  Work  an  Obfervation. 

THERE  are  but  four  Cafes,  or  Varieties  in 
working  an  Obfervation,  in  whatfoever  Part  of 
the  World  you  be,  or  whether  the  Sun’s  Declination  be 
North  or  South. 

The  firft  is,  when  the  Sun  is  between  the  Horizon 
and  the  Equinoctial,.  and  then  the  Rule  is,  fubtraCt 
the  Declination  from  the  Zenith  Diftance,  the  Remain- 
der is  the  Latitude  of  the  Place. 

Demonftration. 

The  Latitude  of  any  Place  is  the  neareft  Diftance  be- 
tween the  EquinoCtial  and  the  Zenith  ot  that  , 
fig,  Place.  The  Sun’s  Declination  is  the  Sun’s 
neareft  Diftance  from  the  Equinoctial : And 
the  Sun’s  Diftance  from  the  Zenith  of  the  Place,  is  the 
Zenith  Diftance  or  Complement  of  the  Sun’s  Altitude, 
Now,  if  from  © Z the  Zenith  Diftance,  you  fubtraCt 
© E,  the  Sun’s  Declination,  there  remains  EZ,  the 
Latitude  of  the  Place  of  Obfervation.  ' 

Example, 
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Example. 

Suppofe  the  Sun’s  Zenith  Diftance  be  Z 0 76,  and 
the  Sun’s  Declination  South  E O 16,  fubtradb  O E the 
Declination  16,  from  O Z the  Zenith  Diftance  76, 
there  refts  EZ  60,  the  Latitude  required. 

The  fecond  Variation  is,  when  the  Sun  is  between 
the  Equinodtial  and  the  Zenith,  and  then  the  Rule  is, 
Add  the  Zenith  Diftance  to  the  Sun’s  Declination,  the 
Sum  is  the  Latitude  of  the  Place : For  if  to  O Z,  the 
Zenith  Diftance,  you  add  O E the  Sun’s  Declination, 
the  Sum  is  EZ,  the  Diftance  between  the  Zenith  and 

the  Equinodtial,  which  is  the  Latitude  required. 

• •* 

Example. 

Suppofe  the  Sun’s  Zenith  Diftance  O Z 35,  the  Sun’s 
Declination  North  E O 10,  if  to  0 Z 35  the 
Sun’s  Zenith  Diftance,  you  add  E © 10  the  Fig.  58. 
Sun’s  Declination,  the  Sum  muft  needs  be  EZ 
45,  the  Latitude  required. 

The  third  Variety  is  when  the  Sun  is  between  the 
Zenith  and  the  elevated  Pole,  then  tlie  Rule  is,  fub- 
traft  the  Zenith  Diftance  from  the  Declination,  the  Re- 
mainder is  the  Latitude  of  the  Place. 

Example. 

0 

Suppofe  the  Sun’s  Declination  be  E © 20,  and  the 
Zenith  Diftance  ZO  10:  Subtract  the  Zenith 
Diftance  Z O 10,  from  the  Sun’s  Declinati-  Fig.  59. 
on  E © 20,  there  refts  EZ  10,  the  Latitude 
required.  , 

The  fourth  Variety  is  when  the  Sun  is  between  the 
elevated  Pole  and  the  Horizon,  and  then  the  Rule  is, 
fubtradl  the  Sun’s  Complement  of  Declination  from 
the  Zenith  Diftance,  the  Remainder  is  the  Complement 
of  Latitude. 

N Example 


1 
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Example. 

Suppofe  the  Sun’s  Declination  be  22,  (its  Comple- 
ment is  68)  the  Zenith  Diftance  is  85,  then 
from  Zenith  Diftance  0 Z 85,  fubtraft  the  Fig.  60. 
Complement  of  Declination  O P 68,  the  Re- 
mainder Z P 17,  is  the  Complement  of  Latitude, 
. which  fubtrafted  from  90,  leaves  73,  the  Latitude  re- 
quired. t 

But  becaufe  ’tis  feldom  that  any  fail  fo  far  North  or 
South,  as  that  they  can  conveniently  take  a backward 
Obfervation  by  the  Sun,  under  the  elevated  Pole,  in 
this  Cafe  it  may  be  done  by  a forward  Obfervation,  and 
work  with  the  Sun’s  Altitude  or  Heighth  above  the 
Horizon,  and  then  the  Rule  is,  add  the  Sun’s  Altitude 
to  the  Complement  of  Declination,  the  Sum  is  the 
Latitude;  thus  if  in  the  laft  Example,  you  add  the 
Sun’s  Altitude,  O O 5,  to  the  Complement  of  Decli- 
nation © P 68,  the  Sum  O P 73,  is  the  Height  of  the 
Pole  above  the  Horizon,  which  is  the  Latitude  of  the 
Place.  . ' !! 

This  fame  Operation  will  hold  in  taking  an  Obferva- 
tion by  a Star,  when  under  the  elevated  Pole,  becaufe 
both  here,  and  in  all  other  Cafes  in  obferving  by  the 
Stars,  we  are  obliged  to  take  the  Obfervation  forward, 
becaufe  a Star  cafts  no  light  fufficient  for  a backward 
'Obfervation,  and  then,  inftead  of  the  Zenith  Diftance* 
work  with  the  Altitude.. ; _ _ . . . 

In  forward  Obfervations,  whether  by  Sun  or  Stars, 
there  are  alfo  Varieties,  as  in  a backward  Obfervation, 
which  I fhall  only  fpeak  to,  the  Demonftrations  being 
pretty  evident  from  the  foregoing  Figures.  ' . 

The  firft  Cafe  i6,  when  the  Star  is  between  the  Equi- 
noctial and  the  Horizon,  and  then  the  Rule  is.  Add  the 
Altitude  of  the  Star  to  its  Declination,  the  Sum  is  the 
Complement  of  Latitude,  which  fubcraCted  from  90, 
leaves  tlie  Latitude  required. 

Secondly, 
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, Secondly,  When  the  Star  is  between  the  Equinodial 
and  the  Zenith,  fubtrad  the  Star’s  Declination  from  its 
Altitude,  the  Remainder  is  the  Complement  of  Lati- 
tude. * - 

Thirdly,  When  the  Star  is  between  the  Zenith  and 
the  Elevated  Pole,  then  fubtrad  the  Complement  of 
Declination  from  the  Altitude,  the  Remainder  is  the 
Latitude. 

The  fourth  Variety  is  fpoke  to  in  the  fourth  Variety 
before  going-,  and  fo  much  fhall  ferve  for  working  an 
Obfervation-,  thefe  Rules  if  well  obferved,  being  l’uf- 
ficient  for  working  Obfervations  in  all  Latitudes,  whe- 
ther North  or  South,  and  at  all  Times  of  the  Year,  a 
little  Pradice  will  therefore  make  them  evident. 

It  is  poflible  to  take  an  Obfervation  by  the  Moon ; 
but  there  are  fo  many  Things  to  be  accounted  for,  as 
Paralax,  Refradion,  fcfr.  and  the  Moon  feldom  to  be 
feen  but  when  fome  kriown  Star  may  alfo  be  feen,  and  I 
having  in  this  Book  inferted  a Table  of  the  principal  \ 
fixed  Stars,  their  Declinations,  (1 fc.  I fhall  refer  the 
Reader  to  it,  the  Sun  and  Stars  being  fufficient  in  all 
Cafes  for  taking  Obfervations  in  common  Pradice. 


SECT.  V. 

How  to  reckon  the  Tides. 

Of  the  General  Motion  of  the  Tides , and  how  to  know  the 
Time  of  High-Water  at  any  known  Port , only  by  a Sight 
of  the  Moon  at  any  Time  of  the  Day  or  Night. 

THOSE  who  defire  to  give  a good  Account  of 
the  Tides,  or  of  the  Time  or  High-Water  or 
Low  Water,  at  any  Port  or  Harbour  propofed,  it  is 
neceflary,  in  order  thereunto,  that  they  fhoulu  have 
a right  Underllanding  of  the  original  Caule  of  the 
Mo. ion  of  the  Tides,  or  Ebbing  and  Flowing  of  the 
Sea;  a Thing  which  hath  been  often  in  D.fpute  among 

N 2 the 
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the  Learned,  both  Mathematicians  and  Philofophers, 
whofe  different  Sentiments  have  rendered  the  Thing  a£ 
dubious  as  when  they  firft  began  with  it;  fome  afcribing 
the  Flu&uation  of  the  Sea  to  the  fwift  Motion  of  the 
Earth,  according  to  the  Copernican  Syftem,  and  the 
Water  being  a Fluid  Body,  and  not  prefently  acquiring 
fo  fwift  an  Agitation  as  the  Earth  itielf,  it  rauft  confe- 
quently  be  higher  Water  upon  one  Part  of  the  Globe  * 
than  upon  another,  and  this  they  illuftrate  thus : Sup- 
pofe  a Boat  under  Sail,  with  frelh  Way,  and  a fmall 
Quantity  of  Water  in  the  Boat,  it  feems  very  plain,  that 
the  fwift  Motion  of  the  Boat  would  make  the  Water  in- 
cline rather  towards  the  Stern  of  the  Boat  j but  if  the 
- Boat,  when  failing  with  that  Speed,  fhould  be  coming  a- 
fhore,  or  fome  other  Accident,  fhould  meet  with  a fud- 
den  Interruption,  and  at  once  hand  hill,  the  Water  hill 
retaining  in  fome  Meafure  its  former  Motion  will  pre- 
fently run  to  the  fore  Part  of  the  Boat,  and  by  this 
they  would  fome  Way  or  other  Demonftrate,  that  the 
Motion  of  the  Tides  depends  upon  the  Motion  of  the 
Earth : But  to  ufe  no  other  Argument  for  the  Confu- 
tation of  this  Opinion,  the  Abfurdity  hereof  will  ap- 
pear in  this  •,  that  if  the  Motion  of  the  Earth  was  the 
original  Caufe  of  the  Motion  of  the  Tide,  then  the 
Tide  inuft  necefiarily  follow  the  Motion  of  the  Earth 
(or  to  our  Appearance  the  Motion  of  the  Sun)  and 
confequently  it  muft  always  be  High-Water,  at  one 
Place,  at  one  and  the  fame  Time  of  the  Day-,  but  the 
contrary  is  fo  evident  to  all,  that  there  needs  no  more 
to  be  faid  to  difprove  it. 

Others  fay  that  the  Flowing  of  the  Tide  is  occafioned 
by  a great  Confluence  of  VY  ater  proceeding  from  the 
Mael-Stream*  called  by  fome  the  Navel  of  the  Sea, 
being  (as  is  reported)  an  Eddy  or  Whirl-pool,  under 
the  Weft-Coaft  of  Norway , or  Finmark , from  whence 
(it  is  faidaluring  the  fix  Hours  Flood,  the  Wa  er  if- 
fues  violently  out,  and  occafions  the  Rifing  or  Flowing 
of  the  Water  in  all  the  adjacent  Parts,  and  finks  with 

the 
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the  fame  Violence  during  the  Ebb ; fo  that  it  is  faid, 
that  during  the  Flood,  the  heavieft  Metal  will  not  fink  * 
and  during  the  Ebb,  the  lighted  Subftance,  or  the  bed 
of  Ships  will  not  fwim  •,  but  what  Reafon  they  will 
give  why  this  drange  Ebbing  and  Flowing  (if  it  is  fo) 
lhould  be  regulated  and  governed  by  the  Motion  of  the 
Moon,  I do  not  underdand,  unlefs  this  Iffue  of  Water 
be  fupplied  with  fotne  Communication  that  it  hath  with 
the  Eajlern  Seas,  or  by  fome  FafTage  under  the  Main 
Continent  of  Norway , but  this  being  an  Uncertainty,  we 
fhall  wave  it,  as  well  as  the  Opinion  of  a third  Sort, 
who  affirm,  that  God,  who  created  all  Things,  gave 
Life  to  all  his  Creatures-,  and  that  the  Ebbing  and 
Flowing  of  the  Sea  is  no  more  but  the  Breathing  of 
the  Earth,  which  feems  to  me  a very  odd  Fancy,  and 
not  worth  inferring,  had  it  not  been  in  this  Collection 
of  the  various  Opinions  of  the  Learned  upon  this 
Subjedt.  1 fhall  among  the  red,  deliver  my  own  Opi- 
nion in  the  Matter;  and  although  I do  not  think  my 
felf'ab’e,  infallibly  to  give  a definitive  Sentence  in  the 
Cafe,  yet  I ffiall  endeavour  to  prove  it  to  be  confident 
with  the  Obfervations  and  Experience  of  our  Mariners, 
and  dull  anfwer  what  Objections  can  eafily  be  made 
again  It  it. 

It  is  evident  to  all  that  own  the  Rotundity  of  the 
Earth,  (a  Thing  generally  out  of  Controverfy  among 
..  the  Learned)  that  there  is  a Principle  of  Gravitation 
towards  the  Center  of  the  Earth,  and  that  this  attrac- 
tive Influence  is  diffufed  to  all  beings  whatfoever  with- 
in the  Orb  thereof;’  and  hence  it  is,  that  we  who  in- 
habit the  Earth  find  no  fuch  Thing  as  an  upper  Side 
and  an  under  Side  of  the  Earth,  but  in  all  Pans  of  the 
Superficies  thereof  we  find  a like  natural  Tendency 
towards  the  Center,  as  it  is  evident  by  the  Experience 
of  thole  who  have  failed  about  the  World,  and  yet  in 
their  fo  far  different  (if  not  diametrically  oppofite) 
Places  that  they  have  failed  to,  have  found  themfelves, 
and  every  particular  Thing  to  have  the  fame  preffing 
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Inclination  towards  the  Center  of  the  Earth,  which 
feemed  to  them  to  be  downwards,  as  well  as  it  doth  to 
us.  Now  if  we  grant  the  Earth  this  ftrong  Principle 
of  Gravitation,  Inclination,  or  Attraction  towards  its 
Center,  which  Reafon  and  common  Experience  proves, 
we  have  Reafon  from  thence  to  believe,  that  the  other 
Bodies,  as  the  Sun  and  Moon,  have  the  fame  Princi- 
ples of  Gravitation  towards  their  Centers,  (which  ma y 
be  proved  by  fome  Reafon?,  which,  to  infert  here, 
would  be  too  great  a Digreflion  from  the  prefent  Sub- 
ject) and  which  being  granted,  l fuppofe  the  Ebbing 
and  Flowing  of  the  Sea  to  be  occafioned  by  the  At- 
traction of  the  Sun  and  Moon  (efpecially  the  Moon 
being  a iecondary  Planet,  which  moves  far  nearer  the 
Earth,  and  refpeCts  it  as  her  Center)  the  Strength  of 
which  Attraction,  although  it  cannot  have  any  in- 
fluence upon  the  folid  Parts  of  the  Earth,  yet  the 
Water  being  a fluid  Subftance,  is  more  eafily  affeCted 
with  this  attracting  Power,  and  by  Virtue  thereof, 
(while  the  Earth  continues  round)  the  Water  is  gently 
fucked  and  drawn  into  an  oval  Form,  by  reafon  of  its 
inclining  Tendency  towards  thofe  attractive  Bodies, 
thereby  caufing  High-Water  where  the  Ends  of  the 
Oval  is,  and  confequently  Low- Water  at  the  Middle 
of  the  Oval,  as  may  be  demomftrated  thus ; fuppofe 
two  Hoops  made  of  any  flexible  Subftance,  as  Wood, 
fine  Steel,  Cdc.  of  equal  Dimenfions,  and  laid  direCtly 
one  upon  the  other ; and  rhen  if  from  oppofite  Points 
the  uppermoft  was  extended  into  an  Oval  Form,  it  is 
evident,  that  as  the  extended  Part  or  End  of  the  Oval  is 
drawn  without  the  round  Hoop,  the  two  Sides,  or  Mid- 
dle of  it,  will  be  contracted  and  puiled  within  it;  and 
{till,  as  the  traverfe  Diameter  of  the  Oval  was  extend- 
ed and  augmented,  the  Conjugate  or  fhorteft  Diameter, 
will  be  contracted  and  diminilhed;  which  Plainly  de- 
monftrates  how  the  Water,  when  by  an  Attractive  Power 
it  is  drawn  above  its  mean  Elevation,  at  the  End  of 
the  Qvai,  it  mult  needs  be  deprefled  below  its  ufual 
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Pofition  at  the  two  Places  a Quarter  diftant  from  thefe 
two  oppofne  Points,  which  Elevation  and  Depreflion 
is  the  Occafion  of  High  and  Low-Water,  which  hap- 
pen at  (near)  fix  Hours  Diftance,  between  High  and 
Low-water,  and  confirms  the  Truth  hereof,  which  is 
alfo  evident  by  the  following  Reafons. 

Firft,  Becaufe  the  Motion  of  the  Tides  generally  fol- 
lows, and  is  govern'd  by  the  Motion  of  the  Moon;  fo 
that  the  Moon  being  upon  one  and  the  fame  Point  of 
the  Compafs,  makes  High-Water  at  any  particular 
Place,  at  one  and  the  fame  Time,  (unlefs  accelerated, 
or  retarded  by  Winds,  Land -floods,  or  the  like)  by 
which  it  feems  very  probable,  that  the  Moon  is  the 
principal  Agent  in  this  regular  Motion  of  the  Sea;  and 
if  fo,  then  Nothing  is  more  likely  than  that  the  In- 
fluence of  her  attractive  Power,  drawing  the  flexible 
Subftance  of  Water  into  an  eliptical  or  oval  Form,  as 
before  aflerted,  is  the  Caufe  thereof. 

But  Secondly,  It  is  obferved  by  all,  that  the  Spring- 
Tides,  (viz.  at  the  New  and  Full  Moon)  are  greater 
than  the  Neap-Tides  (which  are  at  the  firft  and  laft 
Quarters)  by  which  it  feems  evident,  that  although 
a*  I faid  in  the  laft  Paragraph,  that  the  Moon  is  the 
principal  moving  Caufe  of  the  Tides,  yet  the  Sun  hav- 
ing alio  the  like  Attractive  Power,  hath  an  Influence 
upon  the  Waters  alfo,  although  not  fo  great  as  that  of 
the  Moon,  (becaufe  the  Moon  is  much  nearer  the 
Earth)  and  is  a fecondary  Planet,  refpeCting  the  Earth 
as  her  Center,  and  therefore,  when  the  Sun  and  Moon 
are  in  Conjunction  (as  the  New  Moon)  or  in  Oppo- 
fition,  (as  at  the  Full  Moon)  then  the  Tides  are  great- 
eft;  besaufe  the  attractive  Influence  of  the  Sun  is  added 
to  that  of  the  Moon,  and  both  raife  the  Water  at  one 
and  the  fame  Place,  making  the  Spring-Tides.  But 
at  the  Quarters,  viz.  when  the  Sun  and  Moon  are 
about  90  Degrees,  or  a Quarter  of  the  Zodiac  diftant, 
then  the  attractive  influence  of  the  Sun,  rather  impairs 
that  of  the  Moon;  the  one  raifing  the  Water  where 
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the  ocher  deprefies  it ; fo  that  although,  for  Reafons 
before  given,  the  Influence  of  the  Moon’s  Attraction 
upon  the  Water  is  greater  than  that  of  the  Sun,  and 
therefore  the  Tides  follow  the  Motion  of  the  Moon, 
and  not  of  the  Sun,  yet  their  contrary  Influence  leflens 
the  greater  Influence ; viz.  that  of  the  Moon;  which  is 
the  Caufe  of  the  Neap-Tides;  and  this  alfo  may  be 
illuftrated  thus:  Suppole  a Hoop  of  Steel,  or  any  flexi- 
ble Metal,  be  faftened  to  any  Place,  if  a Man  with  a 
Rope  fixed  to  one  Side  thereof  fhould  pull  with  all  his 
Strength  at  the  faid  Rope,  it  would  make  the  Hoop 
decline  into  an  eliptical  or  oval  Form  ; but  if  another 
Man,  though  of  an  inferior  Strength,  fliould  fix  a Rope 
in  the  fame  Place  where  the  firll  was  fixed,  his  Strength 
added  to  the  firft  would  make  the  Ring  or  Hoop  yet 
more  eliptical,  and  would  ftretch  out  the  transverfe  Dia- 
meter thereof  yet  longer,  in  Comparifon  of  the  Con- 
jugate. But  if  the  firft  Rope  remain  fixed  as  before, 
and  the  other  managed  by  inferior  Strength,  be  re- 
moved a Quarter  of  the  Hoop’s  Diftance  from  the  firft, 
then  although  the  Elipfis  will  in  fome  Meafure  retain 
its  own  oval  Form,  inclining  to  the  ftronger  Attra&ion, 
yet  the  Power  of  the  contrary  Attra&ion  will  depr|fs 
the  other,  and  caufe  the  Hoop  to  retain  a Form  at  leaft 
nearer  to  a true  Circle,  than  as  if  the  Attraction  were 
all  in  one  Place ; and  this  plainly  illuftrates  the  differ 
rent  Attraftions,  caufing  different  Tides,  viz.  when 
the  attractive  Powers  are  united  their  Influence  is  greater, 
caufing  the  W ater  to  be  more  eliptical,  thereby  occa- 
fioning  Spring  Tides,  at  the  New  and  full  Moon  ; but 
when  the  attractive  Powers  are  feparated,  as  at  the  firft 
and  laft  Quarter  of  the  Moon,  the  Influence  of  the 
greater  is  not  lb  apparent,  which  is  at  the  Neap-Tides. 

But  my  third  Realon  is,  becaufe  we  fee  that  the 
Spring  Tides  at  the  Equinoxes,  viz.  in  March  and  Sep- 
tember, are  commonly  higher  Tides  than  the  Spring 
Tides  at  the  Solftices,  viz.  in  June  and  December ; the 
Sun,  and  alfo  the  New  and  full  Moon,  moving  in  or 
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near  the  Equino&ial,  in  a right  AfpeCl  to  the  Earth* 
whereas  their  Influence  is  Tome  what  impeded  at  the 
Solftices,  by  their  more  oblique  Polition  to  the  Earth. 
All  which  Teems  plainly  to  prove  that  as.the  Tides  are 
regulated  and  governed  by  the  Motion  oT  the  Moon, 
To  her  attractive  Tower,  together  with  that  of  the  Sun 
when  joined  with  it,  is  the  original  Caufe  thereof. 

Now  againft  what  hath  been  faid,  there  Teems  two 
grand  Objections  toarife*  the  firlt  is,  that  if  the  TijJes 
be  governed  by  the  Moon,  and  if  her  Attraction  be  the 
Caufe  thereof,  her  apparent  diurnal  Motion  being  from 
Eaft  to  Weft,  it  would  follow  that  the  Flood-Tides 
Ihould  in  all  Places  let  Wellwards*  but  daily  Expe- 
rience proves  the  contrary  * for  it  lets  in  Tome  Places 
South,  as  upon  the  Coaft  of  England,  and  in  Tome 
Places  North,  as  upon  the  Coaft  of  Holland * yea,  and 
in  Tome  Places  Ealt,  as  in  the  Britijh  Channel,  which 
makes  againft  my  former  Aflertion. 

A l'econd  Objection  is,  that  if  the  Tides  be  caufed 
by  the  Moon’s  Attraction,  it  fliould  be  High-Water  ac 
all  Places,  when  the  Moon  is  upon  the  Meridian  of  the 
Place,  or  that  a North  or  South  Moon  fliould  make  full 
Sea  in  every  Place*  but  the  contrary  is  evident  by  the 
Tide-Tables,  and  by  the  Experience  of  all  Sailors. 

In  anfwer  to  the  firft,  viz.  that  the  Flood-Tides 
Ihould  fet  Weft  ward  in  all  Places,  (the  Anfwer  to 
which  alfo  partly  implies  an  Anfwer  to  the  fecor.d, 
viz.  that  it  Ihould  always  be  High-Water  at  any 
Place,  when  the  Moon  is  upon  the  Meridian  of  the 
Place)  1 grant  that  if  the  Tides  be  occafloned  as  be- 
fore afierted,  then  this  regular  Motion  of  the  Sea-,  from 
Eaft  to  Weft,  mull  neceifarily  follow,  if  this  terraqueous 
Globe  was  equally  environed  with  Water,  and  that  the 
aforefaid  Motion  of  the  Sea  was  not  interrupted  by 
the  Land  * but  it  is  evident,  efpecially  where  the  Sea 
joins  immediately  upon  the  Weft  of  any  main  Conti- 
nent, that  the  Flood  cannot  fet  Weftwards  there,  be- 
caufe  that  would  be  right  from  the  Shore*  as  for  Ex- 
ample, luppofe  the  whole  Land  of  Europe  and  Africa 

were 


Digitized  by  Google 


1 86  Of  the  tide.  Chap.  VII. 

were  all  one  Main  Continent ; and  fuppofe  the  North 
Cape  of  Finmark , in  about  Lat.  7 1 North,  and  the 
South  Cape  of  Africa,  in  about  Lat.  34  South,  were 
both  under  one  Meridian,  and  that  this  Main  Continent 
were  terminated  on  the  Weft  with  a ftrait  Coaft,  lying 
under  the  fame  Meridian  which  the  two  extreme  Points, 
the  North  and  South  Capes  lie  under;  now  it  is  plain 
that  the  Tide  cannot  come  from  the  Eaftward  upon 
th*s  Weft  Coaft;  but  if  the  Tide  be  caufed  by  this 
Wefterly  Motion  of  the  Sea,  according  to  the  Motion 
of  the  Moon,  it  muft  fet  Weftwards,  about  the  North 
and  South  Parts  of  the  laid  Continent,  and  fo  proceed 
from  the  North  Cape  Southward,  and  from  the  South 
Cape  Northward,  along  this  Weft  Coaft;  and  the 
Truth  of  this  feems  evident  alfo  from  our  common  Ex- 
perience; for  we  find,  that  the  Flood  proceeds  from  the 
Northward,  along  the  Coaft  of  Norway , and  there  finding 
a Paftage  between  Scotland  and  Norway , marches  along 
the  Eaft  Coaft  of  England,  and  hence  it  is  High-Water 
fooner  in  Scotland  than  in  England,  and  fooner  on  the 
Coaft  of  the  North  Part  of  England  than  on  the  South 
Part;  thus  it  is  High-Water  at  Aberdeen  in  Scotland, 
45  Min.  after  Moon's  Southing,  but  at  Tinmouth-Bar , 
not  till  three  Hours  after,  and  at  the  Spurn  5 Hours 
and  1 5 Min.  and  at  Cromer  6 Hours,  and  at  Yarmouth 
Pier  9 Hours,  and  at  Harwich  10  Hours  30  Min.,  after 
the  Moon’s  Southing;  the  Tide  at  the  fame  Time  be- 
ing rolling  along  the  Weft  Coaft  of  Scotland , and  from 
thence  to  the  Weft  Coaft  of  Ireland,  that  Paftage  be- 
tween the  North-Eaft  Part  of  Ireland,  and  the  South- 
Weft  Part  of  Scotland,  being  fo  narrow,  that  the  Tide 
finds  little  Paftage;  and  therefore  the  Eaft  Coaft  of  Ire- 
land is  fupplied  by  a Tide  which  fets  Southward  along 
the  Weft  Coaft;  and  hence  the  Tide  flows  Eaftward, 
along  the  South  Coaft,  and  Northward  along  the  Eaft 
Coaft  thereof,  as  is  evident  by  the  Time  of  High-Wa- 
ter obferved  in  the  Tide-Table;  for  upon  the  Full 
and  Change  Days,  it  is  High-Water  at  Seyn-Head  at 
10  Hours  20  Minutes,  from  thence  in  6 Hours  it 
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paflfcs  along  the  Weft  Coaft,  and  butts  in  upon  the 
South  Coaft,  fo  that  at  4 Hours  30  Minutes  it  is  High- 
Water  at  King f ale,  Cork , and  Waterford , and  from  thence 
in  45  Minutes  more,  it  paffes  over  to  Milford,Lundyfdc. 
and  at  the  fame  Time  it  Aides  Northwards,  along  the 
Eaft  Coaft  of  Ireland ; fo  that  in  3 Hours  45  Min.  it 
flows  from  Waterford  to  Dublin , and  in  45  Min.  more 
to  the  IJle  of  Man,  &c.  Thus  the  general  Motion  of 
the  Tide  to  the  Southward,  having,  as  by  a Branch 
proceeded  from  thence,  filled  up  all  the  Vacancy  be- 
tween England  and  Ireland , it  proceeds  ftill'to  the  South- 
ward, and  upon  the  Full  and  Change  Days,  it  is  High- 
Water  at  the  Land's  End  of  England  at  7 Hours  30 
Min.  and  its  unwearied  Motion  to  the  Southward 
it  finds  a Paflage  up  the  Britifh  Channel,  and  45  Mi- 
nutes after  High-Water  at  the  Land’s  End  it  is  High- 
Water  at  Portland , and  in  3 Hours  45  Min.  more  it  is 
got  up  to  the  Ifle  of  Wight , Southampton , and  P or tf mouth, 
being  High-Water  at  the  fame  Time  on  the  other  Side 
of  the  Channel,  upon  the  Coaft  of  France , about  Gucrn- 
fey  and  Jerfey , and  fo  proceeds  flowly  along  the  Coaft 
of  France  and  Holland  ftill  to  the  Northward,  being  fup- 
plied  by  a Tide  up  the  Channel  •,  and  this  (to  follow  it 
no  further)  may  lufficiently  prove,  that  the  General 
and  Original  Motion  of  the  Tide  Weftwards  occafions 
its  Motions  to  the  Southward  along  the  Coaft  of  Nor- 
way, and  confequently  all  its  compounded  Motions  and 
Branches  into  the  Jrifh  Sea,  the  Chanuel,  C?c.  And  it 
is  evident,  that  although  the  Tide,  if  not  interrupted, 
fhould  be  at  the  Height  where  the  Moon  is  upon  the 
Meridian-,  yet  it  finding  fo  many  whirling  Motions  to 
and  fro  between  the  Lands,  the  Moon  at  the  fame  Time, 
keeping  her  ftrait  and  uninterrupted  Courfe  to  the  Weft- 
ward,  all  the  Time  that  thofe  irregular  Vacuities  are 
filling  up,  it  is  plain  that  the  Moon  muft  needs  be  paft 
far  from  the  Meridian  before  it  can  be  High-Water  at 
lome  of  thofe  Places,  and  yet  the  Tide  occafioned  as 
before  aflerted;  which  I think  will  fufficiently  anfwer 
the  two  Objections  before  mentioned,  and  prove  this 
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Hypothefis  to  be  very  confident  with  Reafon.id'elf,  and. 
the  Experience  of  all  Obfervers. 

Now  if  any  Body  will  kill  infill  further  upon  what 
I hinted  upon  before,  viz.  That  the  Tide  is  occafioned 
by  a Confluence  of  Water  arifing  at  the  Mael-ftream,  or 
Navel  of  the  Sea,  and  proceeding  from  thence,  &c.  and 
for  Confirmation  thereof  will  alledge  that  they  have  feen 
and  obferved  this  regular  Rifing  and  Sinking  of  the 
Water  (before  fpoken  of)  at  that  Place;  I anfwer, 

, I can  eafily  approve  of  this  Opinion,  without  denying 
mine  own  hitherto  aflerted ; for  they  are  very  eafily 
reconcilable;  fince  it  is  pofiible,  and  very  probable, 
that  this  Ebbing  and  Flowing  at  the  Mael-ftream,  may 
be  occafioned  by  fome  fubtei  raneous  Cavern,  whereby 
this  Place  hath  fome  Communication  with  the  Eaftern 
Seas,  and  is  fupplied  from  thence;  which  being  granted, 
it  will  follow,  that  while  the  Tide  (whofe  general  Mo- 
tion is  Weftwards)  is  interrupted  by  the  Continent  of 
Norway , &c.  and  thereby  is  forced  to  find  a Way  about 
the  North  Cape;  yet  by  the  Way,  finding  the  Pafiage 
und<ir  Ground,  and  the  Tide,  by  Virtue  of  the  Moon’s 
Attraction,  inclining  that  Way,  there  may  be  fuppofed 
to  be  lb  much  Water  conveyed  that  Way  as  that  ob- 
fcure  Pafiage  can  contain,  though  far  Ihort  of  fo  much 
as  to  occafion  that  Flowing  and  Ebbing  that  is  obferved ; 
and  this  being  granted,  it  is  evident,  that  this  Rifing 
and  Falling  at  the  Mael-ftream,  muft  needs  keep  Time 
with  the  Motion  of  the  Moon,  and  of  the  reft  of  the 
Tide ; becaufe  it  proceeds  from  the  fame  Original,  and 
is  a fmall  Branch  thereof;  and  this  we  may  fee  illuftrated 
by  our  common  Rivers,  whofe  Natural  Motion,  when 
interrupted  by  Banks,  or  other  Impediments,  caufeth 
the  main  Body  of  the  Water  to  find  a Pafiage  fome 
other  Way ; yet  if  at  the  fame  Time  any  fmall  Holes 
be  found  in  the  faid  Banks,  there  will  always  fo  much 
Water  pafs  thereby  as  the  faid  Holes  can  contain; 
though  the  main  Body  of  Water  is  forced  another  Way : 
Hence,  from  what  has  been  faid,  it  is  plain,  that  this 
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fmall  Flood  and  Ebb  obferved  at  the  Mael-ftreatn,  muft 
needs  have  the  fame  regular  Motion  with  the  reft  of  the 
Tide,  which  I iuppofe  has  at  firft  occafioned,  and  fince 
feemed  to  confirm  that  Opinion  that  the  Tide  proceeds 
only  from  thence. 

To  what  has  been  faid  I fhall  only  add,  that  this 
which  I have  here  inferted  feems  yet  to  be  further  con- 
firmed by  our  Obiervations  Abroad  ; for  it  is  obferved, 
that  there  is  little  or  no  Tide  at  the  Straits  of  Gibraltar , 
nor  upon  the  Coaft  of  Guincy  ; nor  can  it  be  expedited, 
according  to  this  Hypothefis  ; for  if  the  Tide  comes 
from  the  Northward,  it  may  be  fuppoied,  that  by  the 
Time  it  hath  pafled  fo  far  along,  and  having  fo  many 
Vacancies  to  fill  up,  as  the  German  Ocean,  the  Irifh  Sea, 
the  Britijb  Channel,  the  Bay  of  Bifcay , &c.  its  Fewer 
muft  be  very  much  impaired,  if  not  totally  exhauited, 
before  it  comes  fo  far  as  the  Coaft  of  Africa  before  men- 
tioned. 

Now  it  may  be  queftioned,  what  is  the  Reafon  that 
there  is  little  or  no  Tide  in  the  Baltick  Sea,  feeing  there 
are  ltrong  Tides  almoft  on  every  Side  of  it,  viz.  upon 
the  Coaft  of  Norway  on  the  North  of  it,  on  the  Coaft 
of  Holland  on  the  South,  and  on  the  Coaft  of  England 
on  the  Weft  of  it,  &?f. 

1 anfwer,  it  is  hard  to  determine  abfolutely  what  is 
the  Caufe  thereof  •,  but  1 fhall  lay  down  fome  Conjec- 
tures, which  may  conclude  very  much  that  Way;  for 
if  it  was  High-Water  at  the  Naze  and  Coaft  of  Nor - 
way,  at  the  fame  Time  that  is  High-Water  upon  the 
Coaft  of  Jutland  Southward  from  the  Baltick  Sea,  it 
muft  needs  force  a Tide  into  the  Baltick  Sea,  as  well  as 
High-Water  (upon  any  Coaft)  forces  a Tide  up  the  In- 
land Rivers  there-,  but  this  cannot  reafonably  be  ex- 
pected, if  we  confider,  that  the  Tide  along  the  Coaft 
of  France , Holland , and  Jutland , proceeds  from  the  Bri- 
tijb Channel,  and  comes  from  thence  Northwards, 
along  the  Coaft  of  Holland,  &c.  but  the  Tide  upon  the 
Coaft  of  Norway  lies  to  the  Southward,  as  hath  been 
largely  proved,  the  two  Tides  both  terminating  at  the 
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Mouth  of  the  Baltick  Sea ; hence  it  is  very  probable, 
that  it  may  be  High-Warer  upon  the  Coaft  of  Jutland , 
when  it  may  perhaps  be  Low- Water,  or  fome  interme- 
diate Tide  at  the  Naze->  or  South  Coaft  of  Norway ; and 
if  fo,  it  cannot  force  a Tide  into  the  Baltick  Sea,  but  ra- 
ther a fucking  Current,  or  Inclination  of  the  Sea  from 
that  Place  on  one  Side  of  the  Mouth  of  the  Baltick  Sea, 
where  it  is  High-Water,  to  that  Coaft  on  the  other 
Side  where  it  is  Low- Water,  and  hence  it  will  necefla- 
rily  follow,  that  this  Current  muft  fet  fometimes  one 
Way,  and  fometimes  another.  And  this  may  be  af- 
figned  as  a Reafon  why  many  have  found  themfelves 
deceived  in  their  Reckonings,  when  intending  to  make 
. the  Naze,  or  other  Lands  thereabouts ; and  when  they 
have  imputed  their  Miftake  to  a Current  fetting  to- 
wards the  Point  of  the  Compafs,  towards  which  they 
have  found  themfelves  unexpectedly  carried,  thinking 
thereby  to  regulate  their  future  Reckonings,  they 
have  found  themfelves  at  another  Time  under  a quite 
contrary  Error,  and  hence  have  concluded  that  there 
was  no  Current  at  all,  but  fome  other  Thing  hath  been 
the  Caufe  of  their  Error;  whereas,  if  the  Tides  upon 
the  Coaft  of  Norway  and  Jutland , viz.  on  each  Side  of 
the  Mouth  of  the  Baltick  Sea,  were  carefully  obferved 
and  determined,  and  the  Current  allowed  to  run  or  fet 
ftom  the  Higheft  Water  to  the  Loweft,  ^upon  which 
of  thefe  Coafts  foever  it  were)  and  to  be  at  a Stand 
only  when  the  Water  upon  both  the  faid  Coafts  were  of 
equal  Height  (whether  Rifing  or  Falling)  I queftion 
not  but  that  the  Motion  of  this  Current  might  thereby 
be  limited  and  determined,  as  well  as  the  Motion  of 
the  Tides  elfewhere,  and  due  Allowance  might  be  given 
for  the  Current  there,  as  well  as  for  the  Ebbs  and  Floods 
in  other  Places,  to  the  great  Satisfaction  and  Advantage 
of  thofe  that  Ufe  the  Eajl-Country  Trade. 

This  Motion  of  the  Tide  thus  granted,  I fhall  next 
fhew  how  to  find  the  Time  of  the  Moon’s  Southing,  and 
(with  a little  Application)  the  Time  of  High  Water  by 
a Sight  of  the  Moon,  at  any  Time  of  the  Day  or  Night. 

How 
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How  to  know  the  Time  of  the  Moon's  coming  to  the  South, 
only  by  a Sight  of  the  Moon,  at  any  Time  of  the  Day  or 
Nigbt 

IT  is  commonly  known,  that  the  New  Moon  being 
in  Conjunction  with  the  Sun,  Souths  at  Noon,  and 
the  Full  Moon  being  oppofite  to  the  Sun, 
comes  to  the  South  at  Midnight;  and  at  the  Fig.  61. 
Quarters,  when  Ihe  is  juft  half  full,  viz.  to 
the  Line  N.  6.  S.  which  erodes  the  Figure  diredly  in 
the  Middle,  then  Ihe  is  South  at  6 o’Clock,  and  if  the 
light  Half  be  on  the  Weft  Side  N.W.S.  and  Ihe  half 
full,  Ihe  Souths  at  6 in  the  Evening,  as  at  the  firft 
Quarter ; but  if  the  light  Half  be  on  the  Eaft-fide, 
N.E.S.  (he  Souths  at  6 in  the  Morning;  which  grant- 
ed, the  Moon’s  coming  to  South  upon  any  other  Phafis, 
or  at  any  intermediate  Age,  may  be  eaftly  gathered  from 
the  Figure, obferving  this  General  Rule;  when  you  fee 
the  Moon  at  any  Time  of  the  Day  or  Night,  obierve 
how  much  of  the  Moon  is  light,  whether  on  the  Eaft 
or  Weft-fidc,  and  compare  it  as  near  as  you  can  with 
the  Figure,  confidcring  to  which  Line  in  the  Figure 
you  fuppofe  the  light  Part  will  reach,  and  obferve  what 
Number  is  upon  that  Line,  for  that  is  the  Hour  at 
which  the  Moon  will  come  to  the  Meridian  that  Day  or 
Night ; as  for  Example ; 

Suppofe  I obferve  the  Moon,  and  find  her  fomewhat 
more  than  half  light  on  the  Eaft-fide,  fo  that  compa- 
ring the  Moon  with  the  Figure,  I fuppofe  the  light 
Part  to  appear  like  the  light  Part  of  the  Figure;  then 
I obferve  to  what  Number  the  light  Part  reaches,  and 
I obferve  it  reaches  to  the  Number  5 ; and  hence  I 
conclude,  that  the  Moon  comes  to  the  South  about  5 
o’Clock;  and  becaufe  the  light  Part  is  on  the  Eaft-fide, 
1 conclude  it  is  at  5 in  the  Morning  Ihe  will  be  upon  the 
Meridian. 

. Again,  fuppofe  I fee  her  in  the  Evening,  and  the 
light  Part  on  the  Weft-fide,  as  near  as  I can  compute, 

to 


Digitized  by  Google 


192  Of  the  ‘Tide.  Chap.  VII. 

to  be  like  the  darker  Part  of  the  Figure,  towards  the 
Right-hand,  then  oblerving  how  far  the  light  Part  ex- 
tends, I fee  it  comes  to  the  Figure  5,  and  becaufe  the 
light  Part  is  on  the  Weft-fide,  I conclude  Ihe  will  be 
South  at  Five  in  the  Evening,  &Y.  ' 

And  thus  you  oblerve  the  Moon  two  or  three  Days 
after  the  Change  to  appear  in  the  Weft  in  the  Evening, 
with  a very  little  Light  on  the  Weft-fide,  which  by 
Computation  may  be  luppofed  to  come  as  far  over  the 
Moon’s  Body  as  the  Figure  3,  I conclude  Ihe  has  been 
upon  the  South  that  Afternoon  about  Three  o’Clock, 
and  the  next  Night  you  will  obferve  the  Light  to  en- 
creafe,  and  come  towards  the  Figure  4,  I conclude  Ihe 
was  South  that  Afternoon  between  3 and  4,  or  near  4, 
and  then  perhaps  5 or  6 Days  after,  I oblerve  the  light 
Part  encreafed  beyond  half  the  Body  of  the  Moon,  as 
far  as  the  Arch  N.  8.  S.  I conclude  from  hence,  that  the 
Moon  is  South  about  Eight  that  Night;  and  although 
this  Method  is  not  lu/Ecient  to  find  the  Moon’s  South- 
ing exa&ly  to  a Minute,  yet  it  is  of  fufficient  Exa&nefs 
for  Reckoning  the  Tides,  where  a Quarter  of  an  Hour, 
or  Half  an  Hour,  make  no  Material  Error,  it  being  ge- 
nerally impoflible  to  predift  the  Tides  to  the  ablolute 
Exa&nefs  of  a Minute,  although  you  had  the  Moon’s 
Southing  exadtly,  becaufe  Winds  or  Land  Floods,  &c. 
may  alter  the  Tides,  and  few  that  have  the  Charge  of 
a Ship  will  truft  to  the  firft  or  laft  Scruple  of  the  Tide 
for  going  into  an  Harbour,  or  coming  out,  but  will  en- 
deavour if  poffible,  to  have  the  belt  of  the  Tide,  and 
to  be  ready  for  it  a*gainft  it  comes,  whether  Ebb  or 
Flood. 

The  Moon’s  Southing  being  thus  found,  the  next 
Thing  is  to  Ihew  how  thereby  to  find  the  Time  of  High- 
Water  at  any  known  Port;  and  for  an  Help  thereunto, 
1 have  inferred  a Tide-Table,  in  an  Alphabetical  Or- 
der, in  which  you  need  but  find  the  Name  of  the  Port, 
at  which  you  would  know  the  Time  of  High-Water, 
and  againft  it  you  have  a Number  of  Hours  and  Mi- 
nutes, which  added  to  fhe  Time  of  tlu  Moon’s  South- 


kea/V;  'Of  the  Tide.  193 

ing,  gives  the  Time  of  High-Water  at  that  Place  thac 
Day;  as  for  Example. 

Suppofe  I was  lying  before  Tinmoutb  Bar,  waiting  for 
half  Flood  to  go  in,  I happen  to  fee  the  Moon  in  the 
Morning,  and  1 oblerve  the  Eaft-fide  of  the  Moon  to 
be  light,  like  the  light  Part  of  the  Figure  before  fpoken 
of,  viz.  It  is  by  Computation  fo  much  above  half  the 
Body  of  the  Moon  that  the  whole  light  Part  reac’neth  to 
the  Figure  5;  and  becaufe  the  Light  is  on  the  Eait- 
fide,  1 conclude  Ihe  is  South  at  5 in  the  Morning,  then  I 
look  in  the  Tide-Table;  in  the  Letter  5T,  and  find 
n mouth , and  againft  it  I find  3 Flours  o Minute, 
which  added  to  5,  the  Time  of  the  Moon’s  Southing, 
the  Sum,  which  is  8 Hours  o Min.  is  the  Time  of 
High-Water  at  Tinmoulh-Bar ; fo  that  I find  I may  go 
in  about  5,  6,  or  7 o’Clock,  with  the  Flood  Tides  ac- 
cording to  the  Draught  of  Water  that  my  Ship  re- 
quires. 

Now  it  is  not  necefiary,  that  you  fhould  always  have 
this  Book  or  Figure  about  with  you,  for  you  may,  with 
a very  little  Practice,  get  the  Nature  and  Reafon  of  it 
imprinted  in  your  Memory,  always  remembring  that 
the  New  Moon  being  with  the  Sun,  l'ouths  at  Noon,  and 
the  Full  Moon  being  oppofite  to  the  Sun,  l'ouths  at 
Midnight.  The  Moon  in  the  firft  Quarter  is  South  at 
6 in  the  Evening,  and  at  the  laft  Quarter  is  South  at  6 
in  the  Morning.  All  the  intermediate  Times  of  her 
Age  may  be  eafily  computed  according  to  the  Figure, 
exadt  enough  for  finding  the  Time  of  High-Water  at 
any  Port  mentioned  in  the  Tide-Table. 

If  any  will  objedt,  that  what  hath  been  faid  ferves 
only  for  finding  the  Time  of  High-Water,  at  Places 
pientioned  in  the  Tide-Table,  but  no  where  elfe;  I an- 
fwer,  that  by  this  Way  of  finding  the  Moon’s  Southing, 
and  confequently  the  Time  of  High-Water  at  any  Pore 
mentioned  in  the  Table,  together  with  a right  Appre- 
henfion  of  the  General  Motion  of  the  Tides,  as  you 
have  it  fufficiently  deferibed  and  illuftrated,  in  the  Be- 
ginning of  this  Sedtion*  you  may  be  able  to  give  a very 
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good  Account  of  the  Tide  both  at  thofe  Places  inferted 
in  the  Table,  and  of  thofe  that  are  not,  provided  you 
know  but  upon  what  Coaft  the  Places  are,  and  how 
fituate  from  fome  known  Place  exprefled  in  the  Table, 
and  whether  they  are  upon  the  Sea  Coaft,  or  up  fome 
River,  and  the  like;  as  for  Inftance,  fuppofe  coming 
from  the  Weft  of  England , up  the  Channel,  intending 
for  Boulogne , and  not  having  a Tide-Table  that  hath 
the  Port  of  Boulogne  exprefled  in  it,  I am  at  a Lofs  to 
know  how  the  Tide  fails,  (fuppofing  it  at  New  Moon.) 
Now  fuppofe  in  my  Tide-Table,  I find  Diepe  and  Dun- 
kirk (Ports  on  each  Side  of  Boulogne)  and  upon  Exami- 
nation I find  it  is  High-Water  at  Diepe , on  the  Full  and 
Change  Days,  at  9 Flours  45  Min.  Again,  1 find  it 
is  High-Water  at  Dunkirk  the  fame  Day  at  1 2 o’Clock  •, 
now  I conclude  that  Boulogne  lying  betwixt  thefe  two 
Ports  hath  alfo  High-Water  between  thefe  two  Times, 
and  not  long  after  High-Water  at  Diepe,  as,  if  you  look 
in  the  Table,  you  will  find  it  High-Water  at  10  Hours 
30  Min.  at  the  Full  and  Change. 

In  like  Manner,  if  you  obferve  the  General  Motion 
of  the  Tide  to  the  Southward,  along  the  Coaft  of  Eng- 
land, and  to  the  Eajhvard,  up  the  Channel,  idc.  you 
may,  by  knowing  the  Time  of  High-Water  at  any 
Port,  very  eafily  compute  the  Flowing  and  Ebbing  of 
the  Tide  at  any  adjacent  Port,  and  with  Allowance  for 
deep  Bays,  or  inland  Rivers,  you  may  very  nearly  de- 
termine the  Time  of  High-Water  at  any  defired  Port; 

But  for  Variety,  and  the  univerfal  Satisfadtion  of  all 
Navigators,  I fliall  inlert  another  (though  common) 
Method  of  finding  the  Moon’s  Age  and  Southing,  by 
the  Epadt,  in  order  to  which  you  muft  firft  find  the 
Golden  Number,  which  is  thus  done.  , 

Add  1 to  the  Year  of  our  Lord,  and  divide  that 
Sum  by  19,  the  Remainder  is  the  Golden  Number 

2.  For  theEpadt,  fubtradt  1 from  theGolden  Number, 
multiply  the  Remainder  by  xi,  divide  the  Produdt  by 
30,  (negledting  Fradtions)  the  Remainder  will  be  the 
Epadt  for  the  Year  propofed.  7 , 
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3.  For  the  Moon’s  .Age  ? Id  the  Epaft,  the  Day  of 
the  xMonth,  and  the  Number  lor  the  Month  (as-  ex- 
prefied  below)  together*  the  Sum  ii  under  3c,  is  the 
Moon’s  Age.  But  if  the  Sum  exceeds  30,  rake  30 
from  the  Sum  as  ofren  as  may  be,  and  u.e  latt  remainder 
will  be  the  Age  of  the  Moon. 

4.  For  the  Moon’s  Southing,  multiply  the  Moon’s 
Age  by  4,  and  divide  the  Product  by  5,  the  Quotient 
is  the  Hour,  and  for  every  one  that  remains  add  12 
Min.  gives  the  Time  of  the  Moon’s  Southing. 

The  Number  for  the  Months  arc, 

02  123456  and  8 ; .. 

8 10  and  10  thefe  are  the  Numbers  right. 

That  is,  Jan.  o,  Feb.  2,  March  1,  April  2,  May  3,  June 
4,  July  5,  Augujt  6,  Sept.  8,  Oft.  8,  Novem.  10.  Decern.  10. 

Note,  The  Epact  is  here  fuppofed  to  change  the  firlt 
of  January.  v 

Example.  * , 

I defire  to  know  the  Time  of  High-Water  at  Berwick 
the  1 6th  Day  of  Oftcber , 1770. 

Firji  for  the  Golden  Number. 

The  Year  1770  19)1771(93 

Add  — — ■ - 1 61 

Sum  ■, 1771  4 

The  Quotient  93  is  of  no  Ule  in  this  Cafe ; the  Re* 
mainder  4 is  the  Gol  ien  Number  required. 

. Fo  find  the  Epaft. 

The  Golden  Number  4 • 

Multiply  by  . — — — 1 * 

3 

Multiply  by n ■ • • 

Which  divide  by  3°}';3(10 

• - 3 ; 1 

The  Remainder  3 is  the  Epaft  required. 

Note ; The  Rule  for  finding  the  Epact  according  to 
New  Style,  will  not  hold  good  after  the  Tear  1 boo  begins. 

O 2 , for 
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Sum  — — 27  which  being  under 

30  is  the  Moon’s  Age  required,  the  Moon  changing 
on  the  19th  of  September , as  may  be  feen  by  the  Table 
of  the  Moon’s  changing  immediately  following  the 
Tide  Table. 

For  the  Mooris  Southing. 

Multiply  the  Moon’s  Age  27  by  4,  theProduft  108, 
divide  by  5,  the  Quotient  is  21,  and  3 remains,  viz. 

2 1 Hours  and  36  Min.  paft  Noon,  to  which  add  1 Hour 
•30  Min.  found  againft  Berwick  in  the  Tide-Table,  the 
Sum  23  Hours  6 Min.  is  the  Time  of  High-Water  at 
Berwick , October  16,  at  Eleven  o’clock  in  the  Morning 
* .nearly: 

But  becaufe  the  Spring  Tides  do  not  Ihift  fo  much 
as  the  Neap  Tides,  you  may  yet  be  more  exadl  in  ufing 

the  Table  annexed.  

The  Ufe  of  this  Table  is  very  Mean’s  Time. 
eafy,  as  I lhall  inftance  in  the  fore-  Age.  H.  M 

going  Example.  . — 

Find  the  Moon’s  Age  27  under  \ 16  o 42 

(Moon’s  Age)  and  againft  it  in  the  2 17  1 21 

Column  of  [Time]  you  have  9 318  152 

Hours  4 Min.  which  added  to  1 4 19  2 22 

Hour  30  Min.  the  Time  found  a-  5 20  2 53 

gainft  Berwick  in  the  Tide-Table,  6 21  3 23 

the  Sum  10  Hours  34  Mim-is  the  7 22  4 8 

Time  of  High-Water  required,  dif-  8 23  4 . - 55 

fering  from  the  former  by  only  32  9 24  5 50 

Min.  being  not  fo  confiderable  as  jo  25  6 53 

, when  near  the  Quarter,  yet  nearer  1126  7 58 

the  Truth,  becaufe  it  allows  for  the  12  27  9 4 

different  Shifting  of  the  Tides  •,  but  13  28  10  8 

either  Way  is  exaft  enough  for  com-  14  29  11  5 

mon  Ule.  1 5 30  o o 

Not 
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Alcan’s 

Time.  \ 

Age. 

H. 

M 

1 

16 

0 

42 

2 

17 

1 

21 

3 

18 

1 

52 

4 

J9 

2 

22 

5 

20 

2 

53 

6 

2 1 

3 

2 3 

7 

22 

4 

8 

8 

23 

4 

55 

9 

24 

5 

5° 

10 

25 

• 6 

53 

1 1 

26 

7 

58 

12 

27 

9 

4 

»3 

28 

10 

8 

H 

29 

1 1 

5 

*5 

30 

0 

0 
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For  the  Moon’s  Age. 

The  Epaft  — - — 3 

. The  Number  for  October 8 

< The  Day  of  the  Month 16 
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Note-,  What  is  here  laid  of  the  Tides  is  meant 
as  to  their  general  Motion;  the  Half  Tides,  Quarter 
Tides,  and  Currents,  being  a Thing  that  depends  fo 
much  upon  Experience,  that  it  is  in  vain  to  think  of  them 
here. 


A large  Tide-Table  after  a New  Method. 


, A 

H. 

A/. 

\ Berdeen  • 

0 

4$ 

Army 

1 

30 

2 

15 

Amfterdam  - 

3 

0 

3 

0 

Arbroth  — — 

3 

«s 

Antwerp  ■ — 

6 

0 

6 

0 

Abermorith  — — 

6 

0 

Amazons  R inter  in  South 

America  • 

6 

0 

Aldborough  — -■ 

9 

45 

B 

H. 

M. 

'QEACHY  — 

0 

0 

1*1  Bajador  in  Barbary 

0 

0 

Blacktail  Beacon  — — 

0 

15 

Blacknefs  - ■ ■ - 

1 

3° 

Berwick  - 1 » 

2 

»s 

Bluet  without  — ■■■■■  - 

2 

15 

Britain  South  Coajt  — 

3 

0 

Bifcay  Co  aft  - — 

3 

0 

Bourdeaux  Rimer  

3 

0 

Buchanefs  — 

3 

0 

Bona  Efperanca  — 

3 

0 

Beli He  • ■ - ■ 

3 

30 

V..A 

3 

• 5 

3 

45 

Bridlington  — — ■ — - 

4 

0 

Bourdeaux  Rimer  within 

3 

45 

Brovage  without  — — 

3 

45 

Baltimore  ■ > ■ ■ ■ 

4 

30 

4 

30 

Bremen  ■ - _ ■ m ■ ■ »■■■■ 

6 

0 

BJackney  — — 

6 

0 

Briftol  — — .. 

6 

30 

H.  M. 

Briftol  Kij  — - ■ ■ 6 4$ 

Bridgwater  ■ 7 45 

Cape  Blanco  ■ ■ 9 45 

Buologne  - ■ ■ — 1 1 o 

Race  of  Blanquet  — 1 2 o 


C H.  M. 

APE  Cantin  in  Bar- 
bary - - o o 

Calais  without  ■ ■ ■ 1 30 

Camvere  — 1 30 

Conquet  ..  , 2 15 

Cork  in  Ireland  - ■ 4 30 

Cape  Clear  in  Ireland  — 4 30 

Caldy  — 5 15 

Carnarvan  Bay  ■ ■ 5 15 

Cromer  — - - . ..  7 o 

C a fleets  without  • ......  g ij 

Cape  Sierre-lion  in  Gui- 

ney 8 15 

Chambernefs  — — - ■ . . 9 45 

Cowes  — io  30 

Caen  in  the  Fois  - ■ IO  30 

Calais  Road  - — ■ io  30 

Callhot  — - 11  15 

Condado  - - - 12  o 


D H.  M. 

DUnkirk  ■ o a 

Dover  Pier  ■■  — o o 
Port  Defire  in  America  o o 
Downs  '■■■-«  ■ ■ 1 30 

Dundee  ■ ■ a 1 5 

Denby  — — ■ -r-  2 15 

Dort 3 o 

O 3 Punbar 
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Dunbar  - *— 

Dungarven ~ 

Dartmouth  — — 
St.  David’s  Head 
Dublin  in  Ireland 
Dunnofe  - - . ■ — 

Diepe — 

Dunwich  — 

Dungenefs 

Dover • 


H. 

4 

4 

6 

6 

8 

9 

10 

9 
9 

10 


EMden  - 
Eider  ■ 

Elbe  — 

Enchuyfen  - 
Edam 


Edinburgh 
Egmont  — 
Exwater  • 


Entrance  of  the  Ernes  — 


T7  Landers  Coajls  ■ 

_£■  Flulhing 

Finmark  Coaft 


H. 

• o 
o 

Fountney  "without  ■■■—  - 2 

Flamborough  Head  «—  4 

Falmouth-  . 5 

Fom  — ■ — 5 

Foy 5 

Foulnefs  — — — ■ 6 

The  Fly  ■ 


Friefland  Coaji 


- 7 

Florida  in  Carolina  - - 7 

Foreland  North  and  South  9 

Firth  to 

Fair  I He  Roads  ■ ■ — 1 1 


M. 

3° 

30 

o 

o 

*5 

45 

3° 

45 

45 

30 


H. 

o 

o 

o 

o 


M. 

o 

o 

o 

o 

3°' 

30 

30 

3° 

30 


M 

45 

30 

•5 

o 

*5 

«5 

30 

45 

3° 

30 

3° 

45 

30 

»5 


G 


G H.  M. 

Ibraltartfcarf— — o o 
Graveling  - ■ . o o 


H. 

y 

M. 

30 

1 

I 

■ 

30 

30 

1 

3 

O 

- 3 

O 

3 

O 

3 

O 

H 

T TFver  * .. 

H. 

r\ 

M. 

r\ 

fl  Hern 

U 

O 

r 

U 

O 

3° 

1 

3 

u 

45 

IS 

/V 

1 3 

5 

6 

Hull 

6 

O 

6 

O 

8 

n 

15 

O 

9 

u 

0 

9 

1 n 

30 

0 

A VJ 
I f 

A 1 

G 

' I 

H. 

r\ 

M. 

O 

J Ireland  W.  Coaji  — 

Ireland  South  Coaji 

John  de  Luce  . 

\J 

3 

$ 

iO 

0 

IS 

3* 

K 

TT’Entilh  Knock  . 
ir;n;?r  . 

H. 

0 

M. 

0 

Kml'ale  in  Ireland 

3 

4 

O*  Gs» 

0 0 c 

7 

L 

T Tfhnn  — - _ 

H. 

M. 

2 

*5 

*• 

*y 

*5 

30 

56 

A 

4 

A 

O 

30 

4 

Lunde 
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Lundey  — 
Lynn — ■ — - 

Lan  ion  

Land’s  End 
Lizard  — - 
Lam  Bay  ~ 
Lcolloft’e  — 
Lenow  


H.  M. 

I '5 

6 o 

6 45 

7 3° 

7 3° 

8 .5 

9 45 
9 45 


H.  M. 

Porthus  ■ — 1-  3 o 

Pennes  . 3 4 5 

Plymouth  . — 6 o 

St.  Powls  — . 6 o 

Podefcmefk  in  Ruflia  — 6 45 

Pt  terport  . 8 1 j 

Portland 8 j0 

Picardy  Coaji  — 10  j0 


M H.  M.' 

MAZE  within  O 45 

Malden  o 45 

St.  Mark  ■ ■ a 15 

St.  Matthew’s  Point  — 3 45 

Moont’s  Bay 4 30 

Milford  - ■ - . — 5 1 5 

Moonlefs  - 5 1 5 

St.  Maloes 5 1 5 

Magnefs  Sound  8 1 5 

Mackwcll’s  Cajlle  8 1 5 

IfleofMan  • 9 o 

Margate  Road  ■ 11  1 j 


N H.  M. 

NEwport  in  the  Jfle 

of  Wight  o o 

Nore  Weft  End  ■ ■ ■ o o 

North  C.  Maggero 3 o 

Nantz  River  ’without  — 3 o 

Newcallle  5 15 

St.  Nicholas  in  Ruffia — 6 45 

Needles ■ — 9 45 

Normandy  Coaji  10  30 

Naze  11  15 


O H.  M. 

ORkney  — — — 9 o 

Orwell  9 o 

Oxford  nefs 9 45 


P H.  M. 

Ortfmouth  ■ o o 

Poittou  South  Coaji  3 o 


CL  H.  M. 

OUecnborough . o o 

Quebec  in  Ca- 

nada  — , 6 o 


R 

REbdan  

; Rochefter  — ■ ■ 

Rumney  — - - 

Ramkins 

Robin  Hood’s  Bay  — — 
Rotterdam  — ■ — — 

Rouen 

Rochel  ’without  • ■ ■ 
Roan  Riwer ’within  — — • 

Ram  fey 

Rye  — — — ■ . 

Rhodes  — - ■■  ■ 


H.  M. 

o 45 

0 45 

1 30 

1 30 

3 o 
3 o 
3 45 
3 45 
3 45 
5 '5 

11  is 
11  if 


S H.  M. 

SHOE  »-  ■ — o o 

Sheemefs  — o o 

Sleeve  ■ ■ ■—  o o 

Southampton o o 

Spits o o 

Shetland 3 o 

Scilly ’ 3 45 

Scarborough 3 45 

Sound  ■ ■■  - ■ '■  ■■  3 45 

Staples  ■ '■  3 4s 

Seven  Ifles — — 4.  30 

Severn’s  Month  ■■  ■ ■ 5 15 

Stockton  5 13 

Spurn ■— — - 5 1 s 

Salcomb  6 o 

O 4 Start 
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Start  ■'  • 

Sed mouth 

Shelberg  ■ — — 

Seven  Cliffs  — — — — 

Shoreham  — — — 

Seyn  Head 

Senegal  • 


T 

TErveer  * uithin  — 

Tenet  

Terveer  without 

Tmmouth — ; 

Tees  Mouth  — 

Teneriff  ■ ■ 

Torbay  ■ ■■  — — - 

Texel — 

Tergon  — ■■■  - 


H.  M. 


9 ° 

9 ° 

9 45 
jo  30 
10  30 


H.  M. 

0 45 

1 30 

1 30 

3 o 
3 o 

3 ° 

6 o 

7 3° 
9 45 


W H.  M. 

ISLE  of  Wight o o 

Winchelfea  o 45 

Weilands 1 30 

Whitby 6 o 

Waterfoid  in  Ireland  —-0  q 

Weymouth 6 q 

Wells ■ — 6 o 

Weymouth  Key 6 45 

Wieringham 7 o 

Winterton . 8 o 


Y 

H. 

M. 

Oughall  in  Ireland 
X Yarme  

4 

6 

39 

45 

to 

0 

Yarmouth  Pier  

10 

q 

Yarmouth  Road 

10 

39 

URECK 
Ufe 


U 


Ulhant  without 
St.  Vallery  — 


H.  M. 
o o 

3 ° 

6 o 
10  30 


Z 

ZEaland  Coaj} r 

Ziericke  Sea . 


H.  M. 
1 30 

3 <? 


The  Ufe  of  this  Tide-Table  is  the  fame  as  in  ether 
Tide-Tables;  for  when  you  deljre  to  know  the  Time 
of  High-Water  at  any  Place  mentioned  in  the  Table, 
you  need  only  look  in  the  Letter  thac  the  Name  of  the 
Place  begins  with,  and  there  having  found  the  Place 
you  want,  fee  what  Hour  and  Minute  ftands  againft  it 
which  being  added  to  the  Hour  and  Minute  of  the 
Moon’s  coming  to  South,  the  Sum  (abating  twelve 
Hours,  if  it  exceeds)  is  the  Time  of  High-Water  at 

the  Place  propofed  that  Day. Example-,  I dc-fire  to 

know  what  Time  it  will  be  High-Water  at  Harwich , 
Oftober  the  1 6th,  1770,  I look  in  the  Letter  H,  and 
find  Harwich , and  againft  it  1 1 : 00,  which  added  to 
the  Moon’s  Southing  that  Day,  the  Sum  is  20  : 36, 
from  which  caft  away  12,  the  Remainder  is  the  Time 
of  High-Water:  Of  which  fee  more  in  the  Explana- 
tion pf  the  following  Table  of  the  Moon’s  Changing, 


The 
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8 1 jn 


411a 

23  8m 
1 2 8m 
f 2 im 
L 3*  * a . 


20  im 


28  6 a 


.8  5 


Fcbru. 

D.  H. 

iv.arch  ■ 

D.  H. 

April 

D.  H 

J*S  4* 

14  6 a 

27  6m 
16  nooa 

2J  5 * 
ij  3m 

Mi/ 

D.  H. 

6 

im 

2S 

im 

»4 

3 » 

1 1 


25 

im 

■4 

im 

D.  H.  D.  H.  D.H.  D.  H.  D 


Augufl 
D.  H. 

/ « 

It  a\ 

(3. 

10  ml 

20 

1 1 a 

10 

4 a 

28 

4 a 

18 

5® 

7 

8 a 

26 

im 

*4 

8 a 

19 

11  a 

9 

28 

• 7 

1 a 

3 a 
7m 

6 

25 
1 4 
2 

6 a 
1 a 
4» 
3 a 

’ 

Sep. 

D.H. 

29 

10  a 

>9 

8m 

9 

im 

27 

im 

16 

3 a 

6 

3m 

24  noon 

>3 

1 a 

2 

1 a 

21 

6m 

9 

10m 

28 

8m 

18 

im 

7 

3 a 

.*$  4 a 


21 

3 a 

10 

3 a 

29  noon 

18 

im 

7 

26 

9m 

8m 

>5 

im 

4 

S a 

23 

3 a 

*3 

im 

1 

2m 

November 


June 
D.  H. 


4 9m 
23  9m 
13  im 
\ 1 um  | 
1 30  10  a] 
19  6 a 

9 7m 


16 

S 7 » 

24  s » 
14  8m 
3 >m 


6 

8m 

24 

7m 

■3 

1 1 a 

3 

• » 

22 

6m 

11 

5m 

30 

7m 

9 

1 a 

7 

1 2 

6 

8 2 

•5 

nm 

4 

8 a 

22 

8 a 
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South  about  12  Hours  after  Noon,  which  may  more 
properly  be  called  next  Morning,  and  confequently  if 
you  abate  ? from  her  Age  found  when  above  16  Days 
old,  the  Southing  found  from  thence  is  properly  her  , 
Southing  for  the  Morning  of  the  Day  propoled,  C?r. 


SECT.  VI. 

l 

How  to  keep  a Reckoning. 

HAVING  thus  learned  to  find  the  Variation,  and 
to  work  an  Obfervation,  and  alfo  to  reckon  your 
Tides,  with  other  Things  nccelfary  to  be  known,  and 
having  as  Maftcr,  Mate,  or  Pilot  of  a Ship,  taken  your- 
Charge  for  any  Voyage,  and  having  your 
Log-Line,  Glades,  and  oiher  Things  in  Rea-  Fig.  62. 
dinefs,  you  mud  provide  a Log-Board  ruled 
as  you  fee  in  the  Figure. 

Then  having  fet  Sail,  and  got  from  the  Shore,  and 
out  of  the  Set  of  the  Tide,  obferve  how  the  Land  bears 
from  you  that  you  intend  ro  take  your  Departure  from  ; 
and  alfo  as  near  as  you  can,  compute  the  Diftince  you 
are  from  it,  and  then  that  Courfe  and  Difiance  mark’d 
off  upon  your  Chart,  gives  the  true  Place  of  your.  Ship 
when  you  begin  your  Reckoning. 

This  done,  having  fettled  your  Watches,  and  or- 
dered a Man  to  the  Helm  for  two  Hours,  Jet  him  ob- 
ferve carefully  what  Courfe  he  fteers  by  the  Compafs, 
or  if  he  be  ordered  to  fteer  upon  any  given  Courfe, 
Jet  him  take  Care  to  mind  it,  and  at  the  End  of  two 
Hours  let  the  Mate  heave  the  Log,  having  one  attend- 
ing him  with  the  Half-Minute  Glafs,  let  the  Mate  over 
haul  off  all  the  Line,  (having  firft  call:  the  Log  with  a 
few  Fakes  of  Line  into  the  Sea)  till  the  Red  Rag  comes 
to  his  Hand,  and  at  that  Inftant  cry  Turn ; the  Man 
with  the  Glafs,  juft  upon  that  Word,  as  the  Red  Rag 
goes  away,  turning  the  Glafs,  and  watching  diligently : 
When  the  Half  Minute  Glafs  is  juft  out,  the  Man  that 

holds , 
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holds  the  Glafs,  cries  Stop ; whereupon  the  Mate  ftops, 
and  hauls  in  the  Line,  obferving  exactly  how  many 
Knots,  half  Knots,  and  Fathoms  are  gone  but,  and  fets 
it  down  upon  the  Log-board,  againft  the  Hour  at 
which  the  Log  was  heaved,  and  thus  proceed  every  two 
Hours  during  all  the  24  Hours,  and  then  the  Log- 

board  will  be  full  the  next  Day  at  Noon. Then 

having  a Log-book  with  every  Page  ruled,  like  the 
Log-board,  with  the  Day  of  the  Month  at  the  Top, 
take  off  the  Log  into  your  Book,  and  rub  out  the 
Chalks  upon  the  Board,  fo  is  the  Board  ready  for 
the  next  Day.  I (hall  inftance  in  a Voyage  from  a Place 
in  Latitude  54  Deg.  8 Min,  North,  to  another  Place  in 
Latitude  57  Deg.  50  Min.  from  whence  we  fet  fail  Augujt 
24,  at  Noon,  and  running  that  Day  as  by  the  Log  fol- 
lowing. 

Note \ Any  24  Hours  Log,  from  Noon  to  Noon,  is 
dated  with  the  Day  upon  which  it  ends,  and  not  upon 
the  Day  upon  which  it  begins-,  then  if  we  fet  Sail  Augujt 
24,  that  24  Hours  Log  muft  be  called  Augujt  the 
25th,  i£c. 

The  Ship  having  run  every  two  Hours  as  you  fee  in 
the  Log  on  the  other  Side,  add  up  all  the  Knots  toge- 
ther, the  Sum  47  being  doubled  (becaufe  you. heave 
the  Log  but  every  two  Hours)  is  94,  to  which  add  the 
4 half  Knots,  which  in  this  Cafe  are  accounted  as  4 
whole  Knots,  becaufe  they  are  alfo  doubled  : The  Sum  * 

98  Miles  is  the  Diftance  run  that  Day. The  Courfe 

is  N.E.  but  becaufe  there  is  a Point  Variation  Weft,  the 
true  Courfe  is  N.E.  by  N.  therefore  fet  down  under  the 

Log made  good  98  Miles  N.E.  by  N. 

Then  find  in  the  Table  for  working  a Traverfe,  your 
Northing  and  Eafting  for  that  Courfe  and  Diftance,  and 
fet  it  in  the  blank  Space  on  the  Right-hand  as  you  fee 
done. 

The  Northing  81:5  Miles  or  Minutes  added  to  the 
Latitude  failed  from  54  Deg.  8 Min.  the  Sum  is  the 
Latitude  come  to  55b.  29m,  (the  5 which  is  placed 
after  the  81  being  but  a Decimal,  or  half  a Mile, 
need  not  be  regarded)  which  fet  alfo  down  as  you 
fee.  For 
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For  the  Difference  of  Longitude  you  may  find  it  by 
the  Traverfe  Table,  the  Middle  Latitude  being  55  Deg. 
its  Complement  35  Deg.  being  found,  and  under  ir  in  the 
Column  of  Departure,  find  the  Departure,  or  Eafting 
54  : 4 or  the  neareft  thereto  ; and  againft  it  in  the 
Column  of  Diftance  you  have  95  Min  or  id. — 35m. 
for  theDifference  of  Longitude  made  thatDay,  all  which 
fet  down  as  you  fee.  • 


1 H.  |K. 

IK 

F. 

MEL 

Aug  i?,  1770. 

1 

N.E. 

Weft 

Variation  1 Point  Welt. 

g 

E 

I 

— 

Eafting 54.4 

Lat.  come  to  — 55J.  29m. 
Diff.  Longitude — I-35E.  iy. 

8 

5 

10 

5 

12 

5 

I 

4 

I 

E 

4 

6 

4 

' 8 

3 

l 

10 

3 

I 

% 

12 

3 

Made  good  98  Miles  North  Eaft  by  North. 

No* 


1 
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Now  to  find  where  your  Ship  is,  in  the  firft  or  laft 
of  the  Charts  before-mentioned,  which  are  all  made  for 
this  Voyage:  And  firft,  for  the  firft  particu- 
Fig-  54.  lar  Chart;  fet  off  98  Miles  from  A,  upon  a 
N.  W.  by  N.  Line,  it  will  reach  to  the  Point 
a , the  Place  of  the  Ship  required;  or  take  the  Diffe- 
rence of  Latitude  made  that  Day  81  : 5 in  one  Pair  of 
Cqrnpaffes ; and  the  Departure  or  Eafting  54  : 4 in 
another  Pair  of  Compaffes  ; then  with  one  Foot  of  each 
Pair  of  Compaffes  in  A,  run  that  in  which  you  have  the 
Difference  of  Latitude,  along  the  Eaft  and  Weft  Line 
AC,  and  that  Pair  in  which  you  have  the  Departure 
along  the  North  and  South  Line  AB,  the  moveable 
Points  will  fall  in  a as  before. 

To  find  where  the  Ship  is  in  the  Mercator's,  Chart, 
take  the  Latitude  in  one  Pair  of  Compaffes  thus  ; fet 
one  Foot  upon  the  Line  a d , in  the  Latitude 
Fig.  55.  55  Deg.  29  Min.  which  is  the  Pointy,  and 
extend  the  other  to  any  Parallel,  as  fuppofe 
the  Line  55,  55;  then  after  the  fame  Manner  take  the 
Longitude  in^  your  Compaffes,  ‘ running  them  Paral- 
lel to  any  North  and  South  Line,  the  Meeting  of  their 
moveable  Points,  viz.  at  x,  is  the  Place  of  the  Ship 

required. Note ; The  Place  of  the  Ship 

Fig.  56.  at  x,  in  the  third  Chart  is  found  by  either  of 
the  two  Methods  by  which  it  is  found  in  the 
firft.  . " . 


How  to  keep  Account  of  a Ship's  Way  upon 

Wind. 


a 

j 

1 


f A $h'P  ‘s  laid  to  fail  upon  a Wind,  when  her  Tacks 
are  aboard,  and  her  Yards  fharp  braced,  and  is 
commonly  fuppofed  to  be  within  fix  Points'  of  the 
Wind  with  Lee- way,-  according  to  the  Saji  fhe  car- 
ries, tfc. 

>.  All 
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All  Sails  fet — 1 Point  / Try  under  Mainfail 

A Topfail  in z~\  \ only  — ■ 5 

Both  Topfails  in  and/  J Under  Mizen  only  6 

a Sea  — — ^Points  \ Lie  a Hull,  all  Sails 

Try  under  MainfailL  ) turled  — 7 

.and  Mizen  - 4 J ( 

According  to  thefe  Allowances  of  Lee-way,  I (hall 
work  the  following  Examples ; neverthelels,  in  Prac- 
tice Lee-way  mull  be  allowed  according  to  Judgment, 
for  fome  Ships  make  more  Lee- Way  than  others,  with 
the  fame  Sails  let,  13 c. 

This  Example,  Auguji  26,  hath  two  Courfes,  which 
may  be  reduced  to  one  by  the  Rules  for  working  a 

Traverfe  by  the  Traverfe  Table. The  firft  Courfe 

.is  N.E.  by  the  Compafs,  but  by  the  Variation  allowed, 
viz.  one  Point  Weft,  it  is  N.E.  by  N.  but  the  Wind 
being  N.N.W.  viz  within  fix  Points  of  the  Courfe, 
we  mull  allow  one  Point  Lee-way  from  the  Wind, 
which  brings  it  again  to  N.E. 

For  the  Diftance,  add  up  the  firft  fix  Numbers  of 
Knots,  during  which  Time  file  lay  upon  that  Courle, 
the  Sum  21  doubled,  and  the  two  half  Knots  added, 
make  in  all  44  Miles  N.  E.  for  the  firft  Courfe. 

The  fecond  Diftance  by  the  fame  Rule,  is  39  Miles, 
the  Courfe  by  the  Compafs  N.  W.  but  a Point  Varia- 
tion Weft  makes  it  N.  W.  by  W.  and  a Point  Lee-way, 
which  isalfo  Wefterly,  makes  the  Courfe  made  good  to 
be  W.N.W.  the  Diftance  39  Miles. 


By  Tra- 
verfe Sail- 
ing as  per- 
formed by 
the  Table, 
youfindthe 
Northing 
46.  o.  and 
the 


Courfe 

Dift. 

North 

South 

E aft 

Well 

N.E. 

W.N.W. 

44 

39 

3I  — 1 

14-9 

1 

36  0 

46—0 

31  * 
4 9 
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the  Wefting  4.9.  and  by  Cale  the  fixth  of  Plane  Sail- 
ing, by  the  Traverfe  Table,  the  Diftance  made  good 
is  46  Miles  North,  and  Courfe  G Degrees  Weft;  all 
which  fet  down  as  in  the  firft  Day’s  Work  j then  add 
this  Day’s  Northing  to  the  Northing  got  before,  the 
Sum  1 27.5  is  the  Total  Northing.  Alio  fubtraft  this 
Wefting  4.9  from  the  Falling  got  before,  the  Remain- 
der 49.5  is  the  Total  Eafting,  both  which  fet  down  as- 
you  lee;  alfo  by  adding  46  Minutes  to  the  laft  Day’s 
Latitude,  the  Sum  56  Deg.  15  Min.,  is  the  Latitude 
come  to. 

The  Difference  of  Longitude  is  9 Mirt.  which  be‘- 
caufe  it  is  Weft,  it  is  to  be  fubtradkd  From  the  Longi- 
tude the  Day  before,  and  the  Remainder  id.  26m.  is 
the  Longitude  come  to. 

Now  to  find  where  the  Ship  is.  Upon  the  firft  and 
laft  Charts,  take  the  Total  Northing  in  one  Pair  of 
Compaffes,  and  the  Total  Eafting  in  another 
Fig.  54.  Pair,  and  proceed  fas  before  from  A,  the 
Place  failed  from,  it  fhall  produce  the  Point 
e,  for  the  Place  arrived  at:  Alfo  in  the  fecond,  which 
is  a Mercator’s  Chart,  find  the  Longitude  and  Latitude 
come  to,  by  the  Method  prelcribed  in  the 
Fig.  55.  firft  Day’s  Work,  and  their  Meeting  or  In- 
terfedlion  i3  at  the  Point  e,  the  Place  of  the 
Ship  required. 

Note-,  In  the  firft  and  laft  Charts  you  may  fet  off  one 
Courfe  and  Diftance  by  another,  as  in  Traverfe  Sailing 
Geometrical;  but  I lhall  not  inlert  that  Way,  left  it  too 
much  confufe  the  Draught. 
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H.  K. 


4 

6 

8 

io| 

12! 

2 

4 

6 

8 

io! 

12 


iK 


F.  iCourfe 

— IN.E. 


N.  W. 


Winds1 


NNW 


NNE. 


Aug.  26,  1770. 


Variation  1 Point  Well. 

Northing  ■ ■ ■ - 45.7 

Wefting 4.9 

Total  Northing 12 7.5 

Total  Eafting  4^.5 

Latitude  come  to  — 56  1 5 

Diff.  Longitude 0.9W 

Long,  come  to 1.26 


Made  good  46  Miles,  North  6 Degrees  Wefterly: 


How  to  corre£i  a Reckoning  by  an  Obfervation. 

r * , 

IN  the  following  Day’s  Work,  Augujt  27,  there  is 
made  good  1 1 6 Miles } the  Courie  with  Variation 
allow’d,  is  N.  E.  by  N.  and  the  reft  as  you  fee  found  by 
the  foregoing  Method. 

It  is  needlefs  to  give  any  more  Examples  of  allowing 
Lee- way  or  Variation,  the  Rule  being  the  fame  when 
Lee-way  is  4,  5,  6,  or  7 Points,  as  when  it  is  but  one 

P Point, 
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Point  only  minding  to  allow  as  much  as  it  is,  and  the 
right  Way.  Thus  if  a Ship  lie  North  with  Wind  at 
£.N.E.  and  6 Points  Lee-way,  fhe  makes  her  Way 
good  at  W.N.W. 

My  Reckoning  at  NoCft,  Atigujl  27,  brings  me  into 
Latitude  57,  51;  but  by  Obfervation  which  I muft 
prefer  before  the  Dead  Reckoning,  1 find  1 am  in  La- 
titude 57,  34;  now  to  correft  the  Reckoning  by  ait 
Obfervation,  obfervethis  General  Rule. 

If  your  Dif-  C moFe  ) than  the  Depart,  the  C Log.  or  Dift, 
ference  cf  < > Faultis  ntorelike-< 

Latitude  be  £ lefs  j Iv  to  be  tn  the  (Co.  or  Courfe 

The  Reafon  of  the  General  Rule  above,  is  evident 
p.  ^ from  the  Figure  ; for  fuppofe  a Ship  at  A fail 
South  Eafterly,  till  by  her  Reckoning  fhe  is  at 
C,  or  in  the  Parallel  of  Latitude  BC,  but  by  Oblerva- 
tion  fhe  is  in  the  Parallel  of  Latitude  DEF : Now  if  we 
will  fuppofe  her  computed  Diftance  AC  to  be  right, 
fweep  an  Arch  with  AC  till  it  cut  the  Parallel  DF  in 
F,  and  make  AF  equal  to  AC  : Now  by  this  Means 
the  Line  AF  is  the  Line  deferibed  by  the  Ship’s  Mo- 
tion, whereas  we  thought  it  had  been  the  Line  AC; 
but  it  is  abfurd  to  think  that  any  Man  fhould  be  fo  far 
miftaken  in  his  Cottrfe  as  to  fteer  from  A to  F,  when 
he  thought  he  had  been  fteering  from  A to  C;  and 
1 therefore  we  muft  impute  the  Fault  to  the  Diftance,  fup- 
pofing  that  the  Miftake  lies  tl  ere,  and  that  when  he 
thought  he  had  fteered  from  A to  C,  his  Reckoning  was 
a-head  of  the  Ship,  and  that  when  he  fhould  have  been 
at  C he  was  only  at  E,  the  Space  EC  being  but  a to- 
lerable Miftake  in  the  whole  Diflancc  AC. 

But  ip  a more  Eafterly  for  Wefterly  Courfe)  fuppofe 
a Ship  fails  from  A till  her  Courfe  and  Diftance  by 
Dead  Reckoning  is  reprefented  by  the  Line  AI,  and 
the  Latitude  come  to,  by  the  Parallel  GI,  but  by  Ob- 
fervation fhe  is  in  the  Parallel  of  Latitude  H L K : 
Now  if  he  was  fuppofed  to  keep  a right  Account  of  his 

Courfe 
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H. 

K. 

IK 

F. 

Courlie 

Winds 

2 

3 

l 

N.E. 

Well 

E 

E 

6 

E 

J 

8 

5 

10 

5 

(2 

5 

l 

2I 

6 

E 

6 

6 

5 

1 

8 

4 

1 

10 

4 

• 

I 

12 

4 

Aug.  27,  1-63. 

Variation  1 Point  Welt. 

Northing  — 96.4 

Eafting  — — — — 64  4 
Total  Northing  — — 223.9 
Total  Eafting  »■  — 1 13.9 

Lat.  come  to  57.5 1 

Diff.  Long.  Eaft 1.58 

Long,  come  to 3.24 

Lat.  byObfer.  — — 57.3 4 
Tot.  Eaft.  correct.  — 105.2 
Tot.  North.  Cor.  — 206.9 
Long,  come  to  cor.  — 3.8 


Made  good  1 16  Miles  North  Eaftby  North. 


1 -1 

Courfe  and  the  Fault  to  be  in  the  Diftance,  we  mull 
continue  the  Line  A I till  it  cut  the  Parallel  H K,  and 
allow  him  to  be  miftaken  the  whole  Diftance  IK,  in  his 
Account,  which  is  abfurd,  and  therefore  muft  impute 
the  Miftake  to  the  Courfe;  and  then  with  one  i oot  of 
the  Compaffes  in  A,  with  the  Extent  A 1 deferibe  the 
Arch  I L,  and  draw  the  Diftance  A L equal  to  A i, 
and  fuppofe  that  when  he  thought  he  had  jailed  along 
the  Line  A I,  he  had  indeed  failed  along  the  L me 
A L,  the  Angle  I A L being  a much  more  tolerable 

fa  Fault 


1 


« 
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Fault  in  the  Courfe,  than  the  Diftance  I K could  be  fup- 
pofed  to  be  in  the  Diftance. 

Note-,  If  you  fail  in  a Current  you  may  eafily  be 
grofly  miftaken,  either  in  Courfe  or  Diftance ; but  of 
that  fee  more  in  the  latter  end  of  this  Book. 

: Now  in  this  Example  the  obferved  Latitude,  Jug* 
2 7,  differs  from  the  Dead  Reckoning  Latitude  by  the 
Quantity  of  17  Miles  or  Minutes,  and  becauie  the  To- 
tal Northing  is  more  than  the  Total  Eafting,  1 impute 
the  Fault  to  the  Diftance  by  the  Log,  and  then  it  is  cor- 
rected by.this  Proportion. 

As  the  Total  Northing  223.9,  t0  the  Total  Eafting 
313.9}  f°  the  Error  in  the  Northing  17,  to  the  Error 
in  the  Eaftiiig  8.7  neareft. 

; i~ 

j 113.9  or  8 7 Miles  neareft,  to 

17  223.9)1936.3(83^9  be  fubtradled  from  the 

1451  TotalEafting  1 1 3.9  the 

| 797.3  Remainder  105.2  isthe 

ii  1 39  Total  Eafting  corrected 

J936-3 

The  Reafoft  of  this  Proportion  is  evident  from  the 
'Diagram;  for  in  the  Triangle  ABC,  as  the  Total 
Northing  by  Reckoning  AB,  is  to  the  Total  Eafting  by 
reckoning  BC } fo  is  the  Error  in  the  Northing  E qy 
to  the  Error  in  the  Eafting  q C } for  the  Sides  of  the 
Triangle  ABC,  and-E  J C,  are  proportional}  by  Eucl. 
'Lib.  6.  Prob.  4. 

Then  correCt  the  Longitude } As  the  proper  Diffe- 
rence between  the  Latitude  by  Reckoning,  and  the 
Latitude  by  Obfervation,  is  ; to  the  Meridional  Diffe- 
rence between  the  fame  two  Latitudes  } fo  is  the  Error 
in  Departure,  to  the  Error  in  Longitude,  that  is,  as  1 7, 
is  to  32  } fo  is  8.7,  to  the  Error  in  Longitude. 


• 3* 
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f • 

3 2 
8.7 


224. 


278.4 


By  an  Obfervation.  c 13 

17)278(16  Minutes,  (rejecting  the  Frac- 
108  tion,  being  but  the  Fraction 
. .6  of  a Minute)  to  be  fubrtaCled 
from  the  Longitude  by  Dead 
Reckoning,  the  Remainder  3.8 
is  the  true  Longitude  CorreCt  by 
Obiervationj 


But  in  Cafe  your  Courie  be  far  Ealterly  or  Wefterly, 
and  the  obferved  Latitude  differs  from  that  found  by 
the  Dead  Reckoning,  it  is  bell  to  correCt  only  the  La- 
titude, reducing  it  to  the  obferved  Latitude,  and  not 
to  meddle  at  all  with  the  Departure  or  Difference  of 
Longitude,  becaufe  the  Error  is  too  fmallj  as  in  the 
foregoing  Figure  the  true  Departure  H L differs  fo 
little  from  the  Departure  found  by  Dead  Reckoning 
G I,  that  it  is  not  worth  while  to  correCt  it,  unlefs  you 
have  fome  certain  Obfervation  of  Longitude  to  correct 
it  by.  ■ . i 

When  you  have  thus  corrected  your  Latitude,  De- 
parture, and  Difference  of  Longitude  for  this  Day  at 
Noon,  as  here  Aug.  27,  then  proceed  to  the  next  Day’s 
Work,  add  the  next  Day’s  Northing  to  the  Northing 
correcting  this  Day,  to  find  the  Northing  next  Day,  and 
not  to  the  Northing  found  by  Dead-Reckoning ; and 
do  the  fame  alfo  with  the  Departure  and  Difference  of 
Longitude,  not  regarding  that  found  by  the  Reckon-, 
ing*,  and  fo  proceed  as  before ; and  when  you  get  ano- 
ther Obfervation  to  correct  your  reckoning  by,  add  up 
only  the  Northing  and  Eafting  made  good  fince  the  laft 
Obfervation,  and  not  of  the  whole  Voyage,  and  fo  cor- 
rect again  according  to  this  Example. 

Now  for  fetting  off  that  Day’s  Work,  Aug.  27,  upon 
-each  Chart,  that  Method  is  to  be  ufed  which  was  before 
directed  to,  and  the  Point  Z in  each  Chart,  fhall  repre- 
fent  the  Place  of  the  Ship,  Aug.  27,  at  Noon.  » 
Now  if  you  defire  to  know  the  Courfe  and  Diftance 
from  the  Ship  to  the  Place  propol'ed,  it  may  be  done 
, . J*  5 f eafily 
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cafily  and  exactly  upon  the  two  laft  Charts,  and  chiefly 
upon  the  laft  of  all  the  three*,  for  in  it 
Fig.  54  & 55*  you  need  but  fet  one  Foot  of  the  Com- 
pafies  in  the  Point  Z,  where  the  Ship  is, 
and  the  other  Foot  in  the  Point  B,  the  Place  bound  for; 

that  Extent  applied  to  the  graduated  * Line 
Fig.  56.  BD,  accounting  every  Degree  60  Miles,  and 
every  fmall  Divifion  1 o Miles,  gives  the  true 
Diftance  required  173  Miles. 

In  the  fecond  Chart,  which  is  according  to  Mr. 
Wright's  Proje&ion,  commonly  called  Mercator's , if  you 
ufe  the  Method  which  you  have  there  prefcribed,  for 
finding  the  Diftance  of  any  two  Places  upon  a Merca- 
tor's Chart  Geometrically,  you  will  find  it  exactly  a- 
greeingwith  the  former,  viz.  173  Miles. 

For  finding  the  Courfe  the  Method  is  the  fame  in 
both ; for  the  Rumbs  are  right  Lines,  equally  divided, 
or  at  equal  Diftances  in  both  Charts ; therefore  if  your 
Charts  have  the  Rhumbs  upon  them,  obferve  to  which 
Rumb  a Line  drawn  from  the  Ship  to  the  Port  would 
be  parallel,  for  that  is  the  Courfe  required ; but  if  you 
would  ftill  be  more  exaCt,  you  may  find  the  true  Courfe 
and  Diftance  from  the  Ship  to  the  Port,  by  Cafe  the 
Sixth  of  Mercator' s Sailing  Trigonometrical,  thus,  (hav- 
ing both  Latitudes  and  Longitude  given) 

Lat.  Long. 

The  Ship  when  correCt  by  Obfervation  isdn  57.34  3 8 

The  Port  bound  for  is  in 57*5°  8 30 

Proper  Diff.  Lat.  16,  Merid.  Diff.  Lat.  30 
Diff.  Long.  5.22  or  322. 

As  Merid,  Diff.  of  Latitude 30  1.47712 

To  Radius S.90  — — 10.00000 

So  Diff".  of  Longitude  322  — ■ - 2.50785 

To  Tang,  of  the  Courfe 8441  11.03073 

Then  for  the  Diftances. 

As^ine  Comp,  of  Courle  — — 5.19  — — 8.96876 

To  proper  Diff.  of  Latitude 16  1.204 12 

So  is  Radius 10.00000 

To  the  Diftance  ■ 172  2.23536 

Th.e 
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The  Courfe  is  North  84.41  Eaft,  and  the  Diftance  172 
Miles. 

But  here  we  may  fee  the  intolerable  Error  of  the 
Plane  Chart,  the  Ship  being  at  2,  and  the  Port  bound 
for  at  the  Point  C , the  Extent  between  them  being 
applied  to  the  graduated  Line  54,  54,  and  allowing  60 
Miles  to  each  Degree,  gives  a Diftance  vaftly  too  great 
for  the  Ship  at  2 to  the  Port  O,  a molt  infuft'erable 
Error. 

I know  it  is  objected  by  feme,  that  notwithftanding 
what  can  be  faid  againlt  the  Plane  Chart,  it  is  (till  the 
molt  ufeful  and  frequent  among  us,  witnels  a great 
Part  of  the  Charts  and  Waggoners  that  are  now  ex* 
tant  both  in  Dutch  and  Englifh , and  if  the  Plane  Chart 
was  fo  grofly  falfe  in  fo  fhort  a Voyage  as  between  the 
two  Places  before  propofed,  it  would  feem  that  thofc 
Plane  Charts  and  Waggoners  fhould  not  be  fo  much  en- 
couraged, or  being  uled  would  not  anfwer  their  End 
generally  fo  well  as  they  do. 

I anfwer,  1 take  it  for  granted  that  thofe  Charts  are 
not  grounded  upon  that  Projection,  that  the  Degrees 
of  Longitude  and  Latitude  are  every  where  equal,  as 
thofe  commonly  and  properly  called  Plane  Charts  are, 
(for  we  find  no  fuch  Thing  as  Degrees  of  Longitude 
upon  them)  but  they  are  projected  on  the  fame  Ground 
that  my  Third  Chart,  before  inferted,  is  grounded  up- 
on, viz.  The  true  Courfe  and  Difhnce  from  Place  to 
Place  is  found,  either  by  the  Latitude  and  Longitude 
according  to  Mercator’s  Sailing,  as  I have  directed  in 
the  ProjeClion  of  that  Chart,  or  elfc  the  Courfe  and 
Diflance  from  Place  to  Place  is  found  by  Experience  j 
thofe  that  have  failed  there  obferving  diligently  what 
Courfe  (with  all  proper  Allowance  for  Variation,  &c.) 
and  alfo  what  Diilance  carried  them  from  one  Place 
to  another-,  and  thus  comparing  their  Obfervations  of 
that  Kind  with  the  Obfervations  of  others,  and  cor- 
recting their  Obfervations  by  their  obferved  Latitude, 
fcfr.  And  thus  one  obferving  in  one  Place  of  the 
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World,  and  another  in  another,  and  thefe  Obfervations 
being  compared,  and  the  moft  agreeable  chofen  out  and 
collected,  may  probably,  have  given  rife  to  our  large 
Waggoners  now  extant,  which,  though  in  Form  of  Plane 
Charts,  yet  in  that  Caie  mull  needs  be  true,  and  to  be 
depended  upon:  For  although  the  World  is  Globular, 
and  not  Plane,  yet  it  is  evident,  that  what  is  once  the 
Courfe  and  Diftance  between  any  two  Places,  (hall  al- 
ways be  the  Courfe  and  Diftance  between  them.  As 
for  Example,  Suppofe,  after  all  Allowance  given  for 
Variation,  Lee-way,  Currents,  &c.  I find  that  a N.E. 
by  E.  Courfe  240  Miles,  or  80  Leagues,  carries  me 
from  Buchanefs  to  fome  known  Place  on  the  Coaft  of 
Norway  ; it  is  certain  the  fame  Courfe  and  Diftance 
made  good  fhall  always  be  the  fame ; and  therefore  if 
that  Cotirfd  and  Diftance  was  laid  down  upon  any  Chart 
between  thefe  two  Places,  1 might  iafely  depend  upon 
that  Chart  for  my  next  going  there. 

Indeed  it  may  be  objedted,  who  can  tell  how  to  al- 
low fo  exadUy  for  Variation  and  Lee-way,  but  efpe- 
cially  for  unknown  Currents,  as  to  depend  upon  their 
reckoning  for  the  true  Courfe  and  Diftance  from  Place 
to  Place. 

I anfwer,  I agree  to  that;  but  yet  when  two,  three, 
or  more  Ships  fail  upon  the  fame  Voyage,  and  find  their 
Accounts  nearly  to  agree,  this  may  make  them  fome- 
what  more  confident  of  their  Reckoning,  and  of  the 
Truth  of  it;  and  this  I take  to  be  a Reafon  of  the 
Improvements  that  are  yet  daily  made  in  Charts  and 
Waggoners;  thefe  Charts  and  Tables  of  Latitude  and 
Longitude  which  rre  of  a later  Date,  having  doubtlefs 
attained  nearer  the  Truth  by  a greater  Confluence  of 
Obfervations,  and  thereby  differing  more  or  lefs  from 
thefe  of  more  ancient  Date*  both  in  Latitnde,  but 
chiefly  in  Longitude  of  Places;  which  Difference  we 
muft  impute  to  our  attaining  nearer  to  the  Truth,  and 
to  Miftakes  formerly  committed,  the  Places  themfelves 

remain 
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remain  fixed  and  immoveable,  as  to  their  Situation  up- 
on the  Surface  of  the  Earth. 

From  what  hath  been  faid  it  will  follow,  that  it  is 
not  neceffary  to  diffuade  any  Mariner  from  the  Ufe  of 
thofe  Charts  and  Waggoners  now  in  Print,  but  it  is  ra- 
ther an  Encouragement  to  ufe  them,  and  trull  to  them 
as  very  good  Helps ; but  let  not  this  be  an  Inducement 
to  Pcrfons  that  have  had  plentiful  Experience  of  the 
Truth  and  Sufficiency  of  thofe  Charts  and  Waggoners, 
prefently  to  decline  the  Ufe  of  them,  and  fall  to  Work 
to  make  Charts  of  their  own,  and  trull  to  them,  if 
they  have  no  other  Way  for  it  but  that  Hypothefis  of 
fuppofing  the  Degrees  of  Latitude  and  Longitude  to  be 
every  where  equal  (which  I have  fufficiently  proved  is 
not  the  Ground  of  the  Projection  of  thofe  true  Sea  Charts 
now  in  Ufe)  the  abfurd  and  intolerable  Falfhoodof  which 
Hypothefis  aforefaid,  I have  fufficiently  proved  and 
demonftrated. 

Note-,  Whereas  in  the  Examples  before  going,  in  the 
three  Days  Work  of  keeping  a Reckoning,  I did  for 
the  more  Expedition  find  my  Difference  of  Longitude  by 
the  Traverfe  I'able,  by  the  Rule  there  delivered  for  that 
Purpofe;  but  yet  if  your  Voyage  be  long,  or  near  the 
Pole,  where  the  Degrees  of  Longitude  grow  much  lefs, 
you  may,  if  you  diflruft  the  Truth  of  this  Method, 
examine  your  Longitude  once  in  three  or  four  Days,  by 
this  Propofition  following. 

The  Ship  having  failed  from  Latitude  54.8,  to  La- 
titude 57.34,  the  proper  Difference  of  Latitude  is  206, 
and  the  Meridional  Difference  of  Latitude  is  368,  and 
Departure  made  good  is  105.2. 

Co.  Ar. 

Therefore  As  proper  Diff.  of  Lat.  — 206 7.68614 

To  Merid.  Diff.  of  Lat.  — 368  2.56584 

So  Departure  105.2  2.02201 

To  Diff.  of  Longitude  — 188 2.27399 

• • - - Difference 
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Difference  of  Longitude  1 88  Min.  or  3 Deg.  8 Min. 
The  Longitude  come  to,  being  the  very  fame  as  was 
found  by  the  Traverfe  Table,  although  that  is  found 
at  three  Operations. 

And  now,  feeing  I have  in  the  former  Part  of  this 
Book  laid  down  Methods  for  the  Working  of  the  feveral 
Cafes  and  Queftions  in  Navigation,  and  keeping  a 
Reckoning  both  in  Longitude  and  Latitude,  not  only 
by  given  Numbers,  which  I have  called  Arithmetical 
Navigation , but  alfo  without  any  Books,  Tables,  or  In- 
ftruments,  by  a New  Method  never  yet  known  or  pub- 
lifhed  i I (hall  inftance  in  the  firft  Day’s  Work  in  both 
Ways  of  Operation,  it  being  too  tedious  to  inftance  in 
all  the  three  Day’s  Works,  efpecially  feeing  there  are 
fufficient  Examples  given  of  each  Method  elfewhere  ; 
and  firft  by  the  given  Numbers  in  Arithmetical  Navi- 
gation. 


The  Courfe  that  Day  isN.E.  by  N.  98  Miles. 


The  given  Number  for  C Diff.  Lat.  is 
three  Points  to  find  | Departure  is 


83*5 

555$ 


For  Difference  of  Latitude. 


98 

98  r 

83 

555 

294 

490 

784 

490 

8 1 134  DifF.  of  Lat.  81.3. 

It  fhould  be  81.5.  but  the 

490  < 
54l39° 

b 

Error  is  only  ,*0,  and  is  oc- 
caftoned  by  omitting  the  two 
kft  Figures  of  the  given  Num- 
ber. 

For  the  Departure. 

: Depar- 
ture or  Eaft 
54.39,  or  ra- 
ther 54.4. 


Difference  of  Latitude  81.3,  or  1 Deg.  2t  Min. 


hence  the  Latitude  come  to  is  55  Deg.  29  Min, 


For 
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For  the  Difference  of  Longitude,  the  Middle  Lati- 
tude is  45.48,  but  the  next  greater  whole  Degree  is  55, 
whofe  given  Number  in  the  lecond  Tabic  is  5 735,  but 
I fhall  only  uie  the  firft  two  Figures  57. 

The  Diff.  of 

Departure  with  Cyphers  Lon.*  95m. 

Given  Number  or  Divilbr — 57)5440(95  or  id.  35m. 

310  theRemain- 

— — der  being 

25  but  a Frac- 

tion of  a Mi- 


nute, we  re- 
jedt  it. 

The  fame  Day’s  Work  caft  up  by  a New  Method. 

The  Courfe  33.45  or  33^,  the  Dillance  98  Miles. 

For  the  Natural  Radius  for  33^  Deg.  by  Method 
the  Second,  they  that  can  work  by  crofs  Mult  plica- 
tion need  not  reduce  the  Fradtion  to  a Decimal,  but 
fquare  it  as  follows ; 

As  60.7  to  98  : : 33$  to  Departure 
33i 


33i 
3 3i 


33  by 3 3 is — 1089 
i of  33  is  — 24f 
Thefameagain  24^ 
\ of  f we  rejedt. 


I13H 

3 

3*4 1 5 a- 
57-3 


294 

2943 

7 

33°7 


60.7)3307.0(54.4 

272.0 

292.0 


Nat.  Rad.  60.7 


.492 

For  Di<F.  of  Lat.  by  Rule  the  Third 
Sum  of  the  Sides  152.4 
Diff.  of  the  Sides  43.6 

9*44 

457* 

6096 


Produft  — 6644.64(81.5  Square  Root 


64 


161)244 

161 

TslT 


of  the  Pro- 
duct and  Dif. 
ference  of  La- 
titude requir- 
ed. 

For 
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For  Difference  of  Longitude,  the  Complement  of 
Middle  Latitude  is  35,  its  Natural  Radius  is  61  : 
Therefore  as  3 5,  is  to  54.4 ; fo  is  6 1 , to  the  Difference 
of  Longitude. 

54-4 

6 1 35)33*8(94*!  or  95  Minutes,  or  1 Degree 

. 1 68  3 5 Minutes,  the  Difference  of 

54.4  Longitude  required. 

3264  28 


33*84  . • 

And  thus  you  fee  the  Excellency  and  Ufefulnefs  of 
this  New  Method,  by  which,  although  by  Strefs  of 
Weather  or  Cruelty  of  Enemies,  you  had  loft  all  Charts, 
Books,  Tables,  and  Inftrum'ents,  yet  you  may  without 
any  of  them  keep  as  juft  an  Account  of  your  Ship’s 
Way,  both  in  Longitude  and  Latitude,  as  you  can 
with  them ; as  this  and  other  Examples  inferted  elfe-. 
where  in  this  Book  make  manifeft. 


CHAP.  VIII. 

. t 

— — a 

SECTION  I. 

How  to  make  an  Orthographic  Projection  of  the  Sphere , 
commonly  called  the  Analemma ; whereby,  rncjt  of  the 
necejfary  Quejlions  in  AJlronomy  may  be  refolved  without 
\ Trigonometrical  Calculation,  only  by  the  Help  of  Scale 
and  Compaffe \ 

ALTHOUGH  I have  inferted  all  the  Aftrono- 
mical  Tables,  ready  calculated,  that  are  of  Ufe 
in  the  Practice  of  Navigation,  and  have  alfo  laid  down 
a Method  for  finding  the  Variation  of  the  Compafs, 
without' Azimuth  or  Amplitude,  yet  for  the  Sake  of 

. „ ' . ‘ ) fucH 
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fuch  as  delight  in  Aftronomical  Operations,  I fhalL 
fhew  the  Learner  how  to  folve  all  neceflary  Aftrono- 
nomical  Queftions  by  the  Analemma,  or  Orthographic 
Projection  upon  the  Plane  of  the  Meridian  ; and  in  this 
Manner  of  Proje&ion,  the  Eye  is  fuppofed  to  be  per- 
pendicular to  that  great  Circle  upon  whofe  Plane  the 
Projection  is  made,  and  at  an  infinite  Diftance  from 
the  faid  Circle ; fo  that  any  Line  let  fall  from  the  Eye 
upon  any  Place  within  the  faid  Circle,  fhall  be  perpen- 
dicular to  the  faid  Plane,  and  then  will  the  Primitive 
Circle  (or  Meridian  of  the  Place,  when  the  Projection 
is  upon  the  Plane  , of  the  Meridian;  be  a perfect  Cir- 
cle. All  right  Circles  that  divide  the  Projection  into 
two  equal  Parts  are  ftrait  Lines,  or  Diameters  of  the 
Primitive  Circle ; and  all  Oblique  great  Circles  that  di- 
vide the  Primitive  into  two  equal  Parts,  aTid  yet  touch 
it  at  oppofite  Points  are  Semi-Elipfes  i and  all  lefier  Cir- 
cles parallel  to  the  Equator  are  projected  into  right 
Lines,  cutting  the  Primitive  into  two  unequal  Parts. 
And  Parts  of  Lines  that  ferve  for  theSolution  of  any 
Aftronomical  Queftions,  are  Parts  of  fome  of  thofe  Cir- 
cles, or  fuppofed  to  be  fo,  and  are  meafured  or  projected 
cording  to  the  following  Directions. 

The  Primitive  Circle  being  drawn  with  the  Chord 
of  60  Degrees  (of  any  Radius  large  or  fmall)  any  Parts 
of  it  are  meafured  upon  the  Chords  of  the  fame  Ra- 
dius. Any  Part  of  a Right  Circle  is  meafured  upon 
the  Sines.  Any  Part  of  an  Oblique  Circle,  or  Elipfis 
(when  required  to  be  meafured,  which  is  but  feldom) 
may  be  meafured  on  the  Chords,  being  fir  ft  reduced  to 
the  Primitive  Circle  thus-,  draw  two  Lines  through  the 
two  Points  in  the  Oblique  Circle,  the  Diftance  between 
which  is  to  be  meafured,  and  let  the  laid  two  Lines  be 
drawn  parallel  to  that  right  Circle  which  cuts  the  faid 
Oblique  Circle  at  Right  Angles,  and  mark  where  thefe 
two  Parallels  cut  the  Primitive  Circle,  and  the  Diftance 
between  thefe  two  Marks  meafured  on  the  Chords,  is 

the 
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the  Meafure  of  that  Part  of  the  Oblique  Circle  re- 
quired. • _ 

Note-,  There  is  no  Way  to  project  thefe  femi-Ellip- 
fes,  or  Oblique  Circles,,  but  by  finding  a great  Number 
of  Points  through  which  we  are  to  pafs,  and  fo  by  a 
Head)  Hand  or  Help  of  a Bow,  draw  it  through  the 
faid  oinisj  but  the  Operation  being  tedious,  and  of 
little  Uie,  as  it  is  feldom  put  in  Practice:  Neverthelefs 
I fhall  hereafter  Ihew  how  they  are  to  be  done,  as  alio 
all  the  reft,  as  in  the  following  Example. 

An  Orthographic  Projection  of  the  Sphere  upon  the 
Plane  of  the  Meridian.  For 

Latitude  of  London 5 id.  32111.7 

Sun’s  Declination  North  — 2 ad.  30m.  J 

Firfi,  With  the  Chord  of  60,  draw  the  Circle 
P ESQ,  to  reprefent  the  Meridian ; then 
Fig.  64.  Draw  the  Diameter  H O to  reprefent  the 
Horizon,  and  at  right  Angles  to  it  draw  the 
Line  ZN,  to  reprefent  the  Prime  Vertical ; then  fet  off 
the  Latitude  5132  (taken  off  the  Chords)  from  O to  P, 
and  from  H to  S,  and  draw  the  Line  PRS  to  reprefent 
the  Axis  of  the  World,  P the  North  Pole,  and  S the 
South  Pole:  Then  at  Right  Angles  with  the  Line  P S, 
draw  the  Line  ERQ^to  reprefent  the  Equator:  Then  fet 
the  Chord  of  the  given  Declination  22.30  from  E toD, 
and  from  Qj:o  C,  and  draw  the  Line  D C the  Parallel 
of  the  Sun’s  Declination:  Set  off  the  Chord  of  23,29, 
the  Sun’s  greateft  Declination  from  E to  T and  from 
Q to  K,  and  draw  the  Line  T R K to  reprefent  the 
Ecliptic:  fet  off  alfo  the  Chord  of  23.29  from  P to  q 
and£,  and  draw  the  Line  q g,  to  reprefent  the  Artie 
Circle,  and  the  fame  from  S to  r and  v , and  draw  the 
Line  r *v  to  reprefent  the  Antartic  Circle:  Then  from 
P,  through  the  Point  © draw  the  Meridian  Pi  O Bj 
thus,  here  is  given  in  this  Meridian,  the  Point  P and  the 

Point 
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Point  O ; then  to  find  the  Point  B,  another  Point 
through  which  this  Meridian  is  to  pafs,  divide  the  Line 
E R after  the  fame  Proportion  that  the  Line  D F is 
divided  at  the  Point  O,  that  is  as  F D,  is  to  F O ; fo 
is  RE,  to  R B,  and  make  the  Mark  B,  then  by  the 
fame  Means  find  the  Point  h in  the  Line  q g : Then 
through  the  Points  Pi  O B with  a Bow : Curving  or 
Bending  gradually,  draw  the  dotted  Curving  Line 
P b G B to  reprefent  a Part  of  another  Meridian  : All 
which  being  finilhed  you  may  proceed  to  anfwer  the 
following  Problems. 

1.  To  find  the  Sun's  Longitude  or  Bifiance  from  the  next 
Equinoctial  Point. 

The  Sun’s  Longitude  or  Diftance  from  the  next 
Equinoctial  Point,  is  an  Arch  of  the  Ecliptic,  contained 
between  the  Center  R (or  InterfeCbon  of  the  Ecliptic 
and  Equator)  and  the  Point  ©,  the  Interaction  of  the 
Ecliptic  and  Parallel  of  Declination)  fo  here  R O mea- 
fured  on  the  Sines,  is  the  Sun’s  Diftance  from  the  next 
Equinoctial  Point. 

2.  Of  the  Sun's  Right  Afcenfion. 

It  is  an  Arch  of  the  Equator,  contained  between  the 
Equinoctial  Point  R,  and  the  Point  where  the  Meridian 
drawn  through  © cuts  the  Equator,  as  in  B,  fo  RB 
meafured  on  the  Sines,  gives  the  Right  Afcenfion 
required. 

Note-,  If  it  be  thought  too  much  Trouble  to  draw 
thefe  Meridians,  all  thole  Problems,  which  can  be  done 
by  the  Help  of  the  Meridians,  may  be  done  without 
them,  if  you  reduce  the  lefler  Circles  to  the  common 
Radius ; therefore  F ' is  the  Sine  of  the  Sun’s  Right 
Afcenfion  to  a lefler  Radius  F D •,  which  may  be  re- 
duced to  the  common  Radius  thus : Suppofe  I would 
find  the  Sun’s  Right  Afcenfion,  fee  F D from  R to  d, 
upon  the  Line  R H,  then  with  the  Extent  F ©,  and 

one 
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one  Foot  in  d,  defcribe  the  Arch  e ; a Ruler  laid  from 
R,  by  the  Extremity  of  that  Arch  will  cut  the  Primi- 
tive Circle  in  o\  then  H o meafured  on  the  Chords  is 
equal  to  F ©,  the  Sun’s  Right  Afcenlion  required. 

Note\,  When  any  Arch  of  a lefler  Circle  is  to  be  mea- 
fured,  it  mull  be  Hrll  reduced  to  the  common  Radius, 
and  meafured  as  before. 

* f 

3.  To  find  the  Hour  of  the  Day. 

The  Hour  from  Six  o’Clock  is  an  Arch  of  the  Pa- 
rallel of  Declination,  contained  between  the  Line  PS 
and  the  Point  O,  which  reduced  to  the  common  Ra- 
dius, and  meafured  as  in  Problem  the  fecond,  gives  the 
Degrees  of  a great  Circle,  which  allowing  15  Degrees 
for  an  Hour,  and  one  Degree  to  4 Minutes  of  Time, 
gives  the  Hour  from  6. 

4.  To  find  the 'Dime  of  the  Sun's  Rifing  and  Setting. 

The  Arch  F_y  reduced  to  the  common  Radius  by 
Prob.  II.  and  the  Degrees  reduced  to  the  Time  by 
Prob.  III.  gives  the  Hour  that  the  Sun  rifes  before  6, 
or  fets  after  6. 

Note ; If  the  Sun  had  2 2d.  3cm.  South  Declination, 
it  mull  have  been  reprefented  by  the  Parallel / m,  and 
then  the  Arch  h i reduced  as  before,  would  have  given 
the  Time  of  the  Sun’s  riling  after,  or  fetting  before  6 
o’Clock. 

5.  To  find  the  1 ength  of  the  Day  or  Night. 

That  Part  of  the  Parallel  of  Declination  which  is 
above  the  Horizon,  reduced  as  in  Prob.  II.  and  III. 
and  doubled  gives  the  Length  of  the  Day,  and  twice 
that  Part  which  is  below  the  Horizon  gives  the  Length 
of  the  Night:  Thus  D y gives  the  Length  of  the  Day, 
and  yc  the  Length  of  the  Nighc  when  the  Sun  hath 
22d.  30m.  North  Declination,  and  f b gives  the  Length 
of  the  Day,  and  h m the  Length  of  the  Night  in  the 
fome  South  Declination. 

6.  To. 
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6.  To  find  the  Sun’s  Amplitude. 

The  Sun’s  Amplitude  is  an  Arch  of  the  Horizon 
contained  between  the  Eaft  or  Welt  IVint,  and  the 
Point  where  the  Sun  riles  or  fets:  Thus  Ry  is  the 
Amplitude  in  North,  or  R h in  South  Decimation, 
which  becaufe  it  is  an  Arch  of  a g.eat  Circle  is  mea- 
fured  on  the  Sines. 

Note-,  The  Amplitude  is  always  of  the  fame  De- 
nomination with  the  Declination,  whether  North  or 
South. 

7.  To  find  what  Hour  the  Sun  will  be  due  Eafi  cr  Wefi. 

The  Sun  is  Eafi:  or  Weft  when  in  the  Line  ZN,  and 
it  is  6 o’Clock  when  the  Sun  is  in  the  Line  PS,  there- 
fore the  Arch  XF,  reduced  by  Prob.  II.  and  III.  gives 
the  Hour  after  6 in  the  Morning,  when  the  Sun  is 
due  Eaft,  or  before  6 in  the  Evening,  when  it  is  due 
Weft. 

8.  To  find  the  Sun's  Altitude  when  Eafi  or  Wefi. 

The  Arch  R X meaiured  on  the  Sines,  gives  the 
Sun’s  Altitude  when  Eaft  or  Weft. 

9.  To  find  the  Sun’s  Altitude  at  6 o’Clock. 

The  Arch  FW  equal  to  R a,  meafured  on  the  Sines, 
gives  the  Sun’s  Altitude  at  6. 

10.  To  find  the  Sun’s  Azimuth  at  6: 

The  Arch  a F,  reduced  by  Prob.  II  gives  the  Azi- 
muth at  6 required,  accounting  the  -*zimuth  from  the 
Eaft  or  Weft  but  if  from  the  North,  the  Arch  F », 
reduced  as  before,  anfwers  the  Problem. 

11.  To  find  the  Sun’s  Azimuth  at  any  given  Hour As  fup- 
pofe  5 in  the  Morning , or  7 at  Night. 

I have  thought  fit  to  inlert  this  Problem , not  only  for 
its  Ufefulneis,  but  becaufe  it  is  performed  by  another 
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Method  of  reducing  a lefler  Circle  to  the  common 
Radius,  which  is  the  Inverl'e  of  that  Way  of  reducing, 
mentioned  in  Prob . If.  As  for  Example,  Becaufe  5 in 
the  Morning  is  one  Hour  before  6,  and  every  Hour  of 
Time  is  equal  to  15  Degrees  of  a greater  (or  lefier)  Cir- 
cle; therefore  fet  off  15  Degrees  from  F towards  yy 
which  is  done  thus. 

Set  off  F C from  R to  d upon  the  Line  R H;  fet  off 
1 5 of  the  Chords  from  A to  g , arid  draw  the  pricked 
Line  R g ; the  ncareft  Diftance  from  the  Point  d to 
that  Line,  fet  from  F to  /,  is  15  Degrees,  or  an  Hour 
of  Time  in  that  lefler  Circle,  and  the  Point  / is  the 
Place  of  the  Sun  at  5 in  the  Morning,  and  the  Arch 
b l reduced  to  the  common  Radius  by  Prob.  II.  gives 
the  Sun’s  Azimuth  from  the  Eaft  Northwards  at  5 in 
the  Morning,  or  from  the  Weft  Northwards  at  7 in  the 
Evening;  and  by  this  Method  you  may  fet  oft  any 
Number  of  Degrees  upon  any  Parallel  or  lefler  Circle, 
a Thing  of  great  Ufe  in  Orthographic  Projection. 


SECT.  II. 

Of  the  Stereographic  Projection  of  the  Sphere , npoji 
the  Plane  of  the  Meridian. 

STereographic  Projection  of  the  Sphere  (as  well  as 
Orthographic)  is  a Branch  of  Perfpective,  and 
Iheweth  how  to  defcribe,  or  transfer  the 
fig.  65.  feveral  Circles  of  the  Sphere  upon  a Plane, 
which  cutteth  the  faid  Sphere  in  the  Middle, 
the  Eye  being  fuppofed  to  be  placed  in  the  Sphere’s 
Superficies,  perpendicular  to  the  Center  of  the  faid 
Plane;  and  this  Projection  hath  its  Excellency,  that  no 
other  Perfpective  Projection  is  capable  of;  for  upon  this 
all  Circles  of  the  Sphere  greater  or  lefler,  (except  right 
Circles'!  are  alfo  Circles  upon  the  Plane  of  the  Projec- 
tion, and  will  anfwer  the  Appearance,  and  the  Laws  of 
Projecting  and  Meafuring  as  well  without  the  Primitive 
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Circle  as  within  it,  which  makes  this  Projeftion  more 
commodious  and  more  praftifed  than  any  other; 

In  this  Kind  of  Projeftion  there  are  four  Sorts  of 
Circles,  viz.  The  Primitive  Circle,  a Right  Circle,  an 
Oblique  Circle  and  a Parallel  Circle. 

1.  The  Primitive  is  a perfeft  round  Circle,  upon 
whofe  Plane  the  Projeftion  is  made  •,  and  in  this  Cate  it 
is  the  Meridian  of  the  Place;  as  here  the  Circle  ZHNO 
is  the  Primitive  Circle. 

2.  A Right  Circle  is  projected  into  a ftrait  Line,  or 
Diameter  of  the  Primitive  Circle  which  cuts  the  Primi- 
tive in  two  oppofite  Points,  and  divides  it  into  two  equal 
Parts,  as  HAO  is  the  Horizon,  or  EAQ^the  Equator, 
&V. 

3.  An  Oblique  Circle  cuts  the  Primitive  at  two  op- 
pofite Points,  but  divides  it  into  two  unequal  Parts,  as 
Z O N,  an  Azimuth,  or  P O S,  a Meridian. 

4.  A Parallel  Circle  is  a lefier  Circle,  neither  cutting 
the  Primitive  in  oppofite  Points,  nor  dividing  it  into 
two  equal  Parts,  as  q © F,  a Parallel  of  Declination, 
or  B © P,  a Parallel  of  Altitude. 

P R O B.  I.  To  find  the  Center  of  any  projected  Circle. 

1.  The  Primitive  Circle  is  always  drawn  with  the 
Chord  of  60  Degrees,  upon  the  Center  A. 

2.  A Right  Circle  (being  a ftraight  Line)  hath  no 
Center. 

3.  The  Center  of  an  Oblique  Circle  always  falls  in 
that  Right  Circle,  which  curs  the  laid  Oblique  Circle 
in  two  equal  Parts;  thus  the  Center  of  the  Circle 
Z © N fads  in  the  Right  Circle  H A O,  and  the  Cen- 
ter of  the  Circle  P O S falls  in  the  Right  Circle  EAQ ; 
and  if  you  have  three  Points,  as  Z © N,  through 
which  the  Circle  is  to  pafs,  the  Center  is  found  by  the 
fixth  Geometrical  Problem  at  the  Beginning  ot  this  Book; 
but  if  you  have  given,  the  Angle  that  the  Oblique 
Circle  is  to  make  with  the  Primitive  Circle,  fet  the 

.Tangent  of  the  given  Angle  from  A in  the  Line  HAO, 
or  with  the  Secant  of  the  Laid  Angle,  and  one  Foot  in 
Z or  N,  with  the  other  crofs  the  Line  H-A.O,  either 
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Way  you  fhall  find  the  Center  of  the  Oblique  Circle 
required, 

4.  For  the  Center  of  a Parallel  Circle,  having  its  , 
Diftance  from  the  Right  Circle,  to  which  it  is  parallel, 
given,  fet  off  the  Chord  of  that  Diftance  upon  the 
Primitive  Circle  from  each  End  of  the  Right  Circle, 
and  the  half  Tangent  of  the  faid  Diftance  from  the 
Center  A,  upon  that  Right  Circle,  which  cuts  the  other 
at  Right  Angles,  and  fo  you  will  have  three  Points  * 
through  which  the  Parallel  is  to  pafs,  to  find  its  Center 
by  the  fixth  Geometrical  Problem. 

Or  thus,  Suppole  I would  find  the  Center  of  the 
Parallel  of  Declination  jOF,  fet  the  Tangent  of  the 
Complement  of  the  Sun’s  Declination  from  q or  F into 
the  Line  SAP,  or  the  Secant  of  the  fame  from  A upon 
Line  SAP  continued,  and  that  (hall  find  the  Center  re- 
quired. 

P R O B.  IT.  'To  find  the  Pole  of  any  Circle. 

Note  The  Pole  of  any  great  Circle  is  always  90  Deg. 
from  it’s  Periphery  ; Therefore, 

1.  The  Pole  of  the  Primitive  is  always  at  its  Center  A. 

2.  The  Pole  of  a Right  Circle  is  always  in  the  Primi- 
tive, as  the  Pole  of  the  Right  Circle  H AO  is  at  Z,  and 
the  Poles  of  the  Right  Circle  EAQare  at  P and  S,  &c. 

3.  For  the  Pole  of  an  Oblique  Circle,  as  fuppofe  the 
Circle  Z G N,  obferve  where  the  faid  Oblique  Circle 
cuts  that  Right  Circle,which  it  interfedts  at  RightAngles, 
as  here  in  the  Point  G,  lay  a Ruler  from  Z to  G,  it  cuts 
the  Primitive  in_y*,  let  off  90  of  the  Chords  from  y to  K, 
a Ruler  laid  from  Z to  K,  cuts  the  Circle  H AO  in^,  the 
Pole  of  the  Oblique  Circle  required. 

4.  The  Pole  ol  a Parallel  Circle  is  always  in  the  Pole 
of  that  Right  Circle  to  which  it  is  parallel  thus  the  Pole 
of  the  Parallel  q p F is  in  the  Line  AP,  at  the  Point  P, 
the  Pole  of  the  Right  Circle  EAQ,  viz. 

Note-,  An  Arch  of  a Parallel  Circle  is  never  made  a 
Side  of  a Spherical  Triangle,  they  being  all  compofed 
of  Arches  of  Great  Circles,  whether  Primitive,  Right,, 
or  Oblique. 

PR  OB. 
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P R O B.  III.  To  project  any  given  Angle. 

1.  To  make  an  Angle  of  23  29  at  the  Center  of  the 
Primitive  with  the  Right  Circle  E 

Set  23  : 29  off  the  Chords  from  E to  q,  and  from  Q 
to  W,  and  draw  the  Line  or  Right  Circle  q W,  it  makes 
(at  A the  Center)  the  Angle  required. 

2 To  draw  an  Oblique  Circle  to  make  at  Z an 
Angle  of  48  Degrees  with  the  Primitive. 

The  Center  of  this  Circle  will  fall  in  the  Right  Cir- 
cle HAO  by  Prob.  I.  Set  the  Tangent  of  48  the  given 
Angle  from  A towards  O,  it  will  reach  to  r,  then  upon 
r,  as  a Center  with  the  Extent  r Z or  r N draw  the 
Ool.que  Circle  Z G N,  it  will  make  at  Z the  Angle 
required. 

3 To  draw  an  Oblique  Circle  to  make  a given  An- 
gle at  the  Primitive  with  another  Oblique  Circle,  as 
fuppoi'e  I would  draw  an  Oblique  Circle,  to  make  ac 
P an  Angle  of  48  Degrees  with  the  Oblique  Circle 
P/S. 

. Lay  a Scale  from  P to  t ( the  Point  where  the  Ob-  . 

'Jique  Circle  cuts  the  Right  Circle  in  which  its  Center 
falls)  and  it  will  cut  the  Primitive  in  v , fet  the  given 
Angle  48  off  the  Chords  from  v to  x,  a Scale  laid 
from  P to  x will  cut  the  aforefaid  Right  Circle  in  w, 
draw  the  Circle  P w S by  Prob.  I.  it  is  the  Obliqe  Cir- 
cle required. 

4.  To  projett  any  given  Angle  within  the  Primitive, 
but  not  at  the  Center. 

We  (hall  add  this  general  Rule  to  what  was  laid 
down  by  Prob.  I.  viz.  that  as  I faid  there  the  Centers 
of  all  Oblique  Circles  fall  in  that  Right  Circle,  which 
cuts  them  at  Right  Angles,  I fhall  now  add,  that  the 
Centers  of  all  Oblique  Circles  that  pafs  through  the 
fame  Point  in  the  Right  Circle,  fall  in  a right  Line 
drawn  through  the  Center  of  the  faid  Oblique  Circle, 
and  at  Right  Angles  with  the  faid  Right  Circle.  Exam-’ 
pie , Becauie  the  Point  r is  the  Center  of  the  Oblique 
Circle  ZGN,  therefore  the  Centers  of  all  Oblique  Cir- 
cles t.bat  pafs  through  the  Point  G,  fhall  fall  in  the  Line 
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c d continued,  which  pafies  through  the  Point  r,  and 
cuts  the  faid  Circle  at  Right  Angles,  &V.  which  being 
well  underftood  the  Application  is  eafy  ; as  for  Inftance, 
it  is  required  to  draw  an  Oblique  Circle  through  the 
Point  G in  the  Right  Circle  HAO,  to  make  with  the 
faid  Right  Circle  an  Angle  of  55  Degrees. 

Lay  a Scale  from  Z to  G,  it  will  cut  the  Primitive 
in y,  the  Arch(H_y  meafured  on  the  Chords  is  48  De- 
gree, (the  Mealure  of  the  Angle  HZG)  therefore  let 
the  Tangent  of  48  from  A to  r,  and  through  r at 
Right  Angles  to  the  Right  Circles  HAO  draw  c d con- 
tinue^, then  with  any  Radius,  and  one  Foot  in  G dravy 
the  Arch / R,  and  from  the  fame  Radius  fet  off  35 
Degrees  (the  Compliment  of  the  Angle  to  be  made  at 
G)  from/  to  i\  a Scale,  laid  from  G to  i will  cut  c d 
in  m,  with  the  Extent  m G,  and  one  Foot  in  m , defcribe 
the  Oblique  Circle  SGP,  it  is  the  Circle  required,  and 
makes  the  given  Angle  55  at  G,  with  the  Right  Circle 
HAO,  ..  Y 

Thefe  Dire&ions,  with  the  Rules  for  meafuring 
Arches  of  Circles  and  Angles,  which  follow  in  Order, 
will  be  fufficient  to  inftrudt  the  Learner  in  projecting 
?ny  Angle  required  to  be  made  by  a given  Oblique  Cir- 
cle, with  another  Oblique  Circle  to. be  projected,  and 
through  a given  Point  in  the  faid  Circle  •,  but  there  is 
in  this  Cafe  another  Variety,  which  is. 

To  draw  a Right  Circle  to  make  with  an  Oblique 
Circle  any  given  Angle*,  in  order  to  the  UnderftandJng 
of  which,  this  general  Rule  may  be  neceflary,  v.iz. 

That  the  Diftance  between  the  Poles  of  any  two  great 
Circles  (meafured  upon  a great  Circle  drawp  between 
the  faid  Poles)  is  equal  to  the  'Angle  made  by  the  In- 
terfe&ion  of  the  faid  Circles,  and  confequently  to  pro- 
ject the  faid  given  Angle  is  but  the  Reyerfe  of  the  for- 
mer*, for  having  found  the  Pole  of  the  given  Oblique 
Circle,  draw  a Parallel  Circle  about  the  faid  Pole  diftant 
from  it,  equal  to  the  Quantity  of  the  Angle  propofed, 
and  where  that  Parallel  cuts  the  Primitive  {hall  be  the 
Pole  of  the  Right  Circle,  from  which  fet  off  90  De- 
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grees  both  Ways  upon  the  Primitive,  the/e  Points,  and 
the  Center  fhall  be  three  Points  in  a Right  Line,  thro* 
which  the  Right  Circle  is  to  be  drawn,  and  wherever  it 
interledts  the  Oblique  Circle,  it  makes  the  Angle  re- 
quired to  be  made,  but  that  Interfeclion  is  confined  to 
that  Point  of  Interfedlion  only ; but  as  we  have  not 
yet  taught  how  to  draw  a Parallel  to  an  Oblique  Circle 
at  any  given  Diftance  from  it,  that  fhall  next  follow. 

P R O B.  IV.  'To  draw  a Parallel  to  an  Oblique  Circle  at 
any  given  Dijlance  from  it. 

It  is  required  to  draw  a Circle  parallel  to  the  Oblique 
Circle  P b S,  at  30  Degrees  Diftance  from  its  Pole. 

Find  the  Pole  of  the  Oblique  Circle  by  Prcb.  If.  which 
will  be  found  at  f lay  a Scale  from  S t u f it  will  cut 
the  Primitive  in  /,  fet  60  Degrees  (the  Parallel’s  Dif- 
tance  from  the  Pole  of  the  Oblique  Circle)  both  Ways 
from  / to  P,  and  v,  a Scale  laid  from  S to  P will  cut 
E QJn  A,  which  happens  at  or  near  the  Center  of  the 
Circle,  alio  a Scale  laid  from  S to  v will  cut  QJE  (con- 
tinued) in  a ; the  Space  a A being  divided  equally  in 
/,  with  the  Extent  a t or  A /,  and  one  Foot  in  /,  deferibe 
the  Circle  a Z A,  it  is  the  Parallel  required,  and / its 
Pole  is  alio  the  Pole  of  the  Oblique  Circle  P b S to. 
which  it  is  parallel. 

P R O B.  V.  To  fet  off  any  Number  of  Degrees,  upon  a 
great  Circle. 

In  this  Problem  are  three  Varieties. 

t.  To  fet  off  any  Number  of  Degrees  upon  the  Pri- 
mitive, fuppofe5i  deg.  32  min.  from  O upwards. 

Take  5132  off  the  Chords,  and  with  that  Extent  and 
one  Foot  in  O,  the  other  will  reach  to  P,  the  Arch  O P 
beings1  32»  as  required. 

2.  To  let  off  any  Number  of  Degrees  upon  a Right 
Circle;  fuppofe  22  30  from  the  Center  A towards  P. 

Take  the  Half  Tangent  of  22  30,  and  fetting  one 
Foot  in  A the  other  will  reach  to  h , and  the  Arch  A h is 
22  30  required,  and  h P its  Complement  to  90,  viz.  67 
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Note-,  If  you  fet  off  any  Number  of  Degrees  upon  a 
Right  Circle  from  the  ( enter,  you  mud  account  from 
the  Beginning  of  the  half  Tangents,  and  reckon  for- 
wards; but  if  you  begin  at  the  Primitive,  you  mud 
then  begin  at  go  of  the  half  Tangents  and  reckon 
backwards;  thus  if  you  had  to  fet  67  30  from  P,  you 
mull  take  67  30  backwards,  viz.  from  90  to  22  30, 
which  will  reach  to  h,  as  before. 

But  if  you  have  any  Degrees  to  fet  off  upon  any  in- 
termediate Arch  between  the  Center  and  the  Periphe- 
ry, it  is  fomething  more  difficult;  but  the  following 
Rule  is  univerfal  in  all  Varieties  of  this  Problem. 

Set  the  Chord  of  22  30  from  E towards  Z,  it  will 
reach  to  q , lay  a Scale  from  Q to  q it  will  cut  P S in  h, 
then  is  A h 22  30,  as  was  required. 

PRO  B.  VI.  Hozv  to  meafure  airy  Side  of  a Triangle  or 
Arch  of  a great  Circle. 

1.  Any  Arch  of  the  Primitive  is  always  meafured 
upon  the  Chords. 

2.  Ary  Arch  of  a Right  Circle  is  always  meafured 
upon  the  half  Tangents. 

3.  Any  Arch  of  an  Oblique  Circle  is  meafured  thus; 

Lay  a Ruler  from  the  Pole  of  the  faid  Oblique  Cir- 
cle, over  the  Extremities  of  the  faid  Arch,  and  obferve 
where  they  cut  the  Primitive,  and  that  Diftance  mea- 
fured on  the  Chords  gives  the  Quantity  of  the  Arch  re- 
quired. 

Example  Suppofe  I would  meafure  the  Arch  © G 
cf  the  Circle  ZON:  Lay  a Ruler  from  g (the  Pole 
of  the  faid  Circle)  to  O,  it  cuts  the  Primitive  in  B : 

Again,  a Ruler  laid  from  g to  G cuts  the  Primitive  in 
H ; the  Diftance  BH,  meafured  on  the  Chords,  gives 
the  Quantity  of  the  Arch  G G required. 

P R O B.  VII.  How  to  meafure  any  Spherical  Angle. 

This  one  Rule  is  univerfaily  ufeful  in  all  Cafes  (whe- 
ther the  Sides  including  the  Angle  are  Arches  of  the 
Primitive,  Right  or  Oblique  Circle)  viz.  Lay  a Ruler 
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from  the  Angular  Point,  over  the  Poles  of  the  two  Cir- 
cles, including  the  Angle,  and  obferve  at  what  two 
Places  the  Ruler  cuts  the  Primitive,  for  that  Didance 
meafured  on  the  Chords,  gives  the  Quantity  of  the* 
Angle  required. 

Example.  I would  meafure  the  Angle  Z O Pof  the 
Triangle  Z P 0 : Lay  a Ruler  from  O to  g (the  Pole 
of  one  of  the  Circles  including  the  Angle)  it  cuts  the 
Primitive  in  6?,  and  then  a Ruler  laid  from  O to  e (the 
Pole  of  the  other  Circle  including  the  Angle)  it  cuts 
the  Primitive  in  a ; the  Arch  a if  meafured  on  the 
Chords,  gives  the  Quantity  of  the  Angle  Z O P re- 
quired. 

hy  thefe  Directions,  and  the  Inverfe  of  them,  you 
may  fet  off  any  Number  of  Degrees,  or  lay  down  any 
Angle  required,  as  will  be  further  illuftrated  in  the  fol- 
lowing Example,  the  Room  afligned  for  this  SubjeCt 
not  permitting  me  to  enlarge  upon  it. 

A Stereographic  Projection  of  the  Sphere , upon  the 
Plane  of  the  Meridian.  Fory 

d.  m. 

Latitude  of  London  • — ~ - — 51  31?  ^ 

Sun’s  Declination  — - 22  30  j 

Hew  to  project  the  Sphere  ftereographically  upon  the  Plane 
of  the  Meridian. 

Firft  with  the  Chord  of  60  Degrees,  and  one  Foot 
of  the  Compares  in  the  Center  A,  deferibe  the  Primitive 
Circle  Z H N O to  repreferrt  the  Meridian  ; draw  the 
Diameter  HAO  to  reprefent  the  Horizon,  and  at  Right 
Angles  to  it,  draw  the  Diameter  ZAN  the  Azimuth  of 
Eaftand  Weft:  Then  becaufe  the  Pole  is  5id.  32m. 
above  the  Horizon,  fet  of  5 1 d.  32m.  off  the  Chords 
from  O to  P,  and  from  H to  S,  then  is  P the  North 
Pole,  and  S the  South  Pole  : Draw  the  Diameter  S P, 
the  Axis  of  the  World,  and  Hour  Line  of  6,  and  at 
Right  Angles  to  it,  the  Diameter  EQ  the  Equator; 

Alfo 
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Alfo  becaufe  the  Sun’s  Declination  is  22d.  30m.  draw 
the  Parallel  of  Declination  q © F,  at  22d.  30m.  Dif- 
tance  from  the  Equator  Northward  by  Prob.  I.  hereof. 
‘Now  the  Sun  being  in  the  Parallel  jGF,  and  alfo  in 
the  Ecliptic  q O W,  it  muft  be  at  the  croffing  of  thofe 
Circles,  viz.  at  the  Point  ©,  which  is  the  true  Place  of 
the  Sun  in  the  Projection,  which  being  found  you  have 
three  Points,  Z,  O,  N,  through  which  to  draw  the 
Azimuth,  Z O N,  and  alfo  three  Points  P,  O,  S, 
through  which  to  draw  the  Meridian  P O S,  both 
which  are  done  by  Prob.  I.  hereof ; and  then  the  Paral- 
lel q ' F is  the  Parallel  defcribed  by  the  Sun’s  Mo- 
tion, hence  that  Day  the  Sun’s  Rifing  and  Setting  is  at 
g,  and  at  6 o’Clock  at  h,  and  Eaft  or  Weft  at  m , and 
upon  the  Meridian  at  q,  &c.  which  is  fo  intelligible, 
that  it  needs  n©  further  Illuftration. 

For  the  Ecliptic,  fet  off  23  deg.  29  min.  (the  Sun’s 
greateft  Declination)  from  E to  q,  and  from  Q_  to  W, 
and  draw  the  Diameter  q A W,  which  (hall  reprefent 
.the Ecliptic.  - 7 • • 

By  Prob.  I.  hereof  draw  the  Meridian  P m S,  and 
the  Azimuth  ZiN;  and  through  the  Point  © (where 
the  Ecliptic  cuts  the  Parallel  of  Declination)  draw  the 
Meridian  P © S.  - .. 

1.  To  find  the  Sun's  Longitude  or  Difiance  from  the  nearefi 
Equinoftial  Point. 

The  Arch  of.  the  Equator  A O,  meafured  on  the  half 
Tangents,  and  the  Degrees  and  Minutes  fo  found,  being 
reduced  to  Sines,  Degrees  and  Minutes  of  the  Ecliptic, 
allowing  30  Degrees  to  a Sine,  &c.  gives  the  Sun’s 
Longitude  required.  . > 

2.  To  find  the  Sun's  Right  Afcenfion. 

The  Arch  of  the  Equator  A t meafured  on  the  half 
Tangents,  gives  the  Sun’s  Right  Afcenfion  when  he 
is  in  Aries,  Taurus , or  Gemini  -,  but  if  in  Cancer , 
Leo,  or  Virgo , the  Degrees  fo  found  fubtradled  from 
1 80,  gives  the  Right  Afcenfion ; and  when  the  Sun  is 
in  Libra,  Scorpio,  or  Sagittary , the  Degrees  fo  found 
added  to  1 80,  gives  the  Right  Afcenfion  but  if  in 

Capricorn , 


Se£L  II.  Projection  of  the  Sphere.  23$ 

Capricorn , Aquarius , or  Pifces , the  Degrees  fo  found 
fubtra&ed  from  360,  (hews  the  Right  Afcenfton  required. 

Note  i For  finding  the  exad  Degrees  and  Minutes  of 
the  Sun’s  Right  Alcenfion,  the  fame  Rules  of  adding 
and  fubtra&ing  the  Degrees  found,  are  to  be  tiled  in 
the  Orthographic  Projection  all'o. 

3.  'To  find  the  Hour  of  the  Bay. 

Obfervc  where  the  Meridian  P O S cuts  the  Equa- 
tor, as  in  /,  the  Arch  A.t  of  the  Equator  meafured  on 
the  half  Tangents,  and  reduced  to  'l  ime,  allowing  15 
Deg.  to  an  Hour,  &c.  gives  the  Hour  paft  6 in  the  Mor- 
ning, or  the  Hours  wanting  of  6 at  Night. 

Or  thus:  In  the  Oblique  Triangle  Z P 0,  the  An- 
gle at  P,  meafured  by  Prob.  IV.  and  reduced  to  Timq 
as  above,  gives  the  Hours  wanting  of  12,  if  in  the 
Forenoon  j or  the  Hours  pad  1 2,  if  in  the  Afternoon. 

4.  To  find  the  Time  of  the  Sun's  Rifing  and  Setting: 

Through  the  Point  g (where  the  Parallel  of  Decli- 
nation cuts  the  Horizon)  draw  the  Meridian  P g b S, 
and  obferve  where  it  cuts  the  Equator,  as  in  b , the 
Arch  A b meafured  on  the  half  Tangents,  and  the 
Degrees  reduced  to  Time,  gives  the  Hour  and  Minutes 
that  the  Sun  rifes  before  6 in  the  Morning,  or  fets 
after  6 in  the  Evening  •,  or  if  in  South  Declination 
where  the  Parallel  of  Declination  inrerfcds  the  Horizon 
on  the  other  Side  of  the  Line  PAS,  or  Hour  Line  of 
6,  it  gives  the  Sun’s  Rifing  after  6,  or  letting  before 
6,  &?r. 

5.  To  find  the  Length  of  the  Bay  or  Night. 

The  Hours  and  Minutes  of  the  Sun’s  fetting  doubled 
gives  the  Length  of  the  Day,  the  Time  of  the  Sun’s 
Rifing  doubled  gives  the  Length  of  the  Night. 

6.  To  find  the  Sun's  Amplitude. 

The  Arch  of  the  Horizon  A g (being  an  Arch  con- 
tained between  the  Sun’s  Rifing  or  Setting  at  g,  and 
the  due  Eaft  or  Weft  Point  in  A)  meafured  on  the 
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half  Tangents  gives  the  true  Amplitude  from  the' Eaft 
or  Weft  as  may  be  required. 


7.  To  find  what  Hour  the  Sun  will  be  at  Eajl  or  Weft. 

_ The  Sun  is  Eaft  or  Weft  in  m , the  Point  where  the 
Parallel  of  Declination  cuts  the  Prime  Vertical,  or  Eaft 
and  Weft  Line  Z AN;  therefore  having  drawn  the 
Meridian  P m S,  obferve  where  it  cuts  the  Equator,  as 
at  w,  then  A w meafured  on  the  half  Tangents,  and 
reduced  to  Time,  gives  the  Hour  after  Six  in  The  MornT 
Hig  that  the  Sun  is  due  Eaft,  or  the  Hour  before  Six 
in  the  Evening  that  the  Sun  is  due  Weft. 

8.  To  find  the  Sun's  Altitude  when  Eaft  or  Weft. 

The  Arch  A m , meafured  on  the  half  Tangents,  an- 
lwers  the  Queftion,  and  gives  the  Sun’s  Altitude  when 
Eaft  or  Weft.  ....... 

9~  To  find  the  Sun's  Altitude  at  Six  o'clock. 

. ^un  £^e  Point  h at  Six  o’Clock,  therefore 
“f  .Arch  b p meafured  by  ft  rob.  III.  gives  the  Sun’s 
Altitude  at  6 required. 


■ fi°-  To  find  the  Azimuth  at  Six  o'Clock. 

The  Arch  of  the  Horizon  A e,  meafured  on  the  half 
Tangents,  gives  the  Sun’s  Azimuth  from  the  Eaft  or 
Weft  as  may  be  required,  whofe  Complement  to  90  e 0 
is  die  Azimuth  from  the  North. 


*i-  To  find  the  Sun's  Azimuth  at  any  Hour  or  Altitude,  as 
Juppofed  when  in  the  Point  O in  this  Projection. 

■ From 1 Z to  N,  and  through  the  Point  O,  draw  the 
zimut  ircle  Z O N,  as  before  directed,  and  oblerve 
where  it  cuts  the  Horizon  as  in  G,  then  the  Arch  A G, 
mealured  on  the  halt  Tangents,  gives  the  Azimuth  from 
the  Eaft  or  Weft  as  required. 

p ^!'S  ^aV?  I.siy'en-  a ^ afte  of  all  the  moft  ufeful 
nhi r P*5*  !T.atIn8  r^e  Orthographic  and  Stereogra- 

moreat<i)hP,T10fthKe  Sphere;  of  which  * fhall  add  no 
rrh?TlTe’  ^ut . proceed  to  Spherical  Trigono- 
pietry,  and  its  Application  to  PrarhVjl  n n.  0 
their  .proper  Places^  * Agronomy,  m 
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SECT.  III.  ' 

Of  Spherical  Trigonometry. 

AS  Plane  Triangles  confift  of  three  right-lined 
Sides  and  three  Angles*  made  by  their  interieft- 
ing  each  other,  fo  Spherical  Triangles  are  made  by  the 
Interfeftion  of  the  Arches  of  three  great  Circles  of 
the  Sphere,  and  of  thole  there  are  three  Sorts,  viz. 
Right-angled,  Oblique,  and  Quadrantal,  but  the  two  firft 
Kinds  are  moll  in  Ufe;  and  as  the  great  Circles  of  the 
Sphere  are  either  Meridians,  Azimuths,  &V.  when  they 
interleft  each  other,  fo  as  to  make  a Spherical  Triangle, 
the  Solution  of  fuch  Triangles  is  what  is  generally  cal- 
led Altronomy. 

In  Spherical  Triangles  obferve  thefe  Solutions, 

i.  Each  Triangle  hath  6 Parts,  viz.  3 Sides  and  3 
Angles. 

2.  In  Right-angled  Triangles  there  are  five,  called 
Circular  Parts,  viz.  the  two  Legs,  the  Hypothenufe, 
and  2 Acute  Angles,  the  Right  Angle  being  not  look- 
ed upon  as  any  Part  in  this  Cafe. 

3.  Of  thefe  five  there:  are  always  two  given  and  one 
required  (thefe  two  and  Radius  being  fufficient  to  find 
out  the  fourth  Term  required)  and  of  thefe  three  there 
is  always  one  called  Middle  Part,  and  the  other  two  are 
either  Conjunfts,  or  Disjunfts,  viz.  either  both  next  the 
Middle  Part,  or  both  feparated  from  it  by  a Part,  not 
mentioned  in  the  Queftion,  as  in  the  Scheme,  fuppofing 
in  the  Pentagon  ABCDE;  if  A,  B and  E were  the  Parts 
mem ioned( whether  given  or  required)  A would 
be  Middle  Part,  and  B and  E would  be  Fig  81. 
Conjunfts,  but  if  D,  A and  B were  given, 

D would  be  the  Middle  Part,  and  A and  B Dif- 
junfts,  and  if  this  be  underllood  of  the 
Pentagon,  it  may  be  as  readily  underftood  Fig.  82. 
of  a Triangle;  for  fuppofe  the  three  Sides, 
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B,  C and  E,  and  the  two  Angles  A and  D,  all  which 
are  called  Circular  Parts,  were  any  three  of  them  the 
Parts  given  or  required ; as  for  Inftance,  if  B,  C and 
D,  then  C would  be  the  Middle  Parr,  and  B and  D 
Conjundts,  or  if  A,  C and  D were  the  Parts  given  or 
required,  A would  be  the  Middle  Part,  and  C and  D 
Disjundts,  becaufe  B is  between  A and  C,  and  E is  be- 
tween A and  D,  &V. 

4.  Then  the  fundamental  Proportion  is,  As  Radius 
is  to  the  tangent  of  one  Conjunct  ; fo  is  the  Tangent  of  the 
other  Conjunct , to  the  Sine  of  the  Middle  Part. 

And,  As  Radius , is  to  the  Sine  Complement  of  one  Dif- 
junCt  •,  fo  is  the  Sine  Complement  of  the  other  Disjunct,  to 
the  Sine  of  the  Middle  Part Only 

5.  The  Hypothenufe  and  two  Acute  Angles,  viz.  A 
and  D are  called  by  their  Compliments,  that  is,  if  any 
of  them  are  Middle  Parts,  they  are  called  Sine  Com- 
plements inftead  of  Sines;  or  if  Conjundts,  they  are 
called  Tangent  Complements  inftead  of  Tangents,  and 
confequently  if  Disjundts,  they  are  called  Sines,  inftead 
of  Sine  Compliments,  viz. 

6.  As  in  the  fundamental  Proportion,  the  Middle 
Part  is  the  laft  Term,  it  will  follow  that  if  the  Middle 
Part  be  given,  and  a Conjundt  required,  the  Proportion 
muft  be  inverted,  viz.  As  the  Tangent  of  the  given  Con- 
junct, is  to  Radius,  fo  is  the  Sine  of  the  Middle  Part,  to 
the  Tangent  of  the  required  Conjunct,  See.  Underftand  the 
fame  of  Disjundts. 

7.  In  all  Spherical  Triangels  the  Sines  of  the  Sides  are 
Proportional  to  the  Sines  of  their  oppofite  Angles,  viz. 

As  the  Sine  of  D,  is  to  the  Sine  of  B ; fo  is 
Fig.  82.  .the  Sine  of  A,  to  the  Sine  of  C ; and  fo  is 
■ ■ _ Radius  to  the  Sine  of  E,  dsfe. 

8.  Oblique  Triangles  may  be  brought  under  the 
foregoing  Rules  by  letting  fall  a Perpendicular,  and 
worsting  it  as  two  Right-Angled  Triangles,  only  obferve 
to  let  your  Perpendicular  fall  from  the  End  of  a given  Side , 
and  oppofte  to  a given  Angle,  which  when  done,  all  the 
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twelve  Cafes  in  Oblique  may  be  performed  by  thefe 
Rules,  and  the  following  Conclufions. 

CONCLUSIONS. 

1.  The  Co- fines  of  the  Angles  at  the  Bafe,  are  di- 
rectly proportional  to  the  Sines  of  the  Vertical  Angles. 

2.  The  Sines  of  the  Bales,  and  Tangents  of  the  An- 
gles at  the  Bafe  are  reciprocally  proportional. 

3.  The  Co-fines  of  the  Segments  of  the  Bafe,  and 
Co-fines  of  the  Hypotbenufes  are  in  direCt  Proportion. 

4.  The  Tangents  of  the  Hypothenufes  are  reciprocal- 
ly proportional  to  theCo-fines  of  the  Vertical  Angles. 

5.  The  Tangents  of  the  Bafes  are  proportional  to  the 
Tangents  of  the  Vertical  Angles. 

6.  In  all  Oblique  Spherical  Triangles,  when  a Per- 
pendicular is  let  fall  from  the  grcateft  Angle  to  the 
greatell  Side,  it  will  be,  as  the  Tangent  of  half  the  Bafe, 
is  to  the  Tangent  of  half  the  Sum  of  the  other  two 
Sides;  fo  is  the  Tangent  of  half  the  Difference  of  the 
faid  Sides  to  the  Tangent  of  half  the  Difference  of  the 
Segments  of  the  Bafe;  which  half  Difference  being 
added  to  the  half  Bafe,  the  Sum  is  the  greater  Seg- 
ment, but  fubtraCted  from  it,  the  Remainder  is  tfie  lef- 
fcr  Segment. 

Thefe  are  fufficient  for  all  the  28  Cafes,  yet  for  Va- 
riety I fhall  infert  anothej:  Operation  where  three  Sides 
are  given  to  find  an  Angle,  viz. 

Add  the  three  Sides  together,  and  from  their  half 
Sum,  fubtraCt  the  Side  oppofite  to  the  Angle  required  ; 
then  to  the  Complement  Arithmetical  of  the  Log- 
Sines  of  the  Sides  containing  the  Angle  required,  add 
the  Log-Sines  of  that  half  Sum,  and  Remainder,  half 
the  Total  of  thefe  four  Logarithms  is  the  Sine  Com- 
plement of  half  the  Angle  required. 

Thefe  Directions  well  underftood,  being  fufficient  to 
folve  all  the  28  Cafes  of  Spherical  Triangles*  I fhall 
give  a brief  Inftance  of  each  Cafc,  to  help  the  Memory 
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as  well  as  the  Underftanaing  of  the  Learner,  ^nd  (hall 
apply  them  more  largely  when  I come  to  fpeak  of 
Aftronomy  ltfelf. 

Note-,  I lhall  for  Brevity  fake  put  S for  Sine,  S.  C. 
for  Sine  Complement,  T.  for  Tang-nt,  T.  C.  for  Tan- 
gent Complement,  R.  for  Radius;  and  (hall  only  men- 
tion the  Proportion  here,  but  lhall  perform  the  Calcu- 
lations for  the  fame  Heafons  afterwards;  Note , Mark 
the  given  Parts  with  a Dalh  thus the  required  thus0. 

CASE  I.  Fig.  83. 

Given  \ HypCAD  } Recluired  AB- 

Here  by  the  foregoing  Diredtions,  A is  Middle  Part, 
and  AD  and  AB  are  Conjundts,  and  though  Middle 
Part  is  a Sine,  yet  being  an  Angle  it  becomes  a Sine 
Complement,  alfo  AD  being  a Conjunct  Ihould  be  a 
Tangent;  but  being  the  Hypothenufe,  it  is  a Tangent 
Complement,  likewife  becaufe  Middle  Part  is  given, 
the  fundamental  Proportion  mull  be  inverted,  all  which 
being  confidered,  the  Analogy  is. 

As  T.C.  AD  ..  R.  : : S.C.  A ..  T.  AB. 

CASE  II.  Fig.  84. 

Given  the  Hypothenufe  and  an  Angle,  to  find  the  Leg  oppo- 
fite  to  the  given  Angle. 

G'Ven  {Hypotouft  AD  } R^"d  BD- 

Here  B D is  Middle  Part,  and  AD  and  A are  Dif- 
jundts,  therefore  the  Proportion  is. 

As  Radius ..  S.  AD  : : S.  A ..  S.  BD. 

CASE  III.  Fig.  85. 

Given  the  Hypothenufe  and  an  Angle , to  find  the  other  Angle . 

«*»  {tTSH  Required  the  Angle  D. 

Here 
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Here  A D is  Middle  Part,  and  the  Angles  A and  D 
are  Conjun&s,  therefore  the  Proportion  is. 

As  T.  C.  A ••  Radius  : : S.  C.  AD.  T.  C.D. 
CASE  IV.  Fig.  86. 

Chen  the  Hypothenufe  and  a Leg , to  find  the  Angle  included 
between  them. 

Given  | LegAB^  \ Required  the  Angle  A. 

The  Angle  A is  Middle  Part,  and  AD  and  AB,  are 
Conjunfts,  therefore  the  Proportion  is, 

As  Radius  ••  T.  AB  : : T.C.  AD  ••  S.  C.  A. 
CASE  V.  Fig.  87; 

Given  the  Hypothenufe  and  a Leg , to  find  the  Angle  oppofite 
to  the  given  Leg. 

Given ^Leg<A^^}’ Required  the  Angle  D 

Here  AB  is  Middle  Part,  and  AD  and  D are  Dif- 
juntts,  therefore  the  Proportion  is, 

As  S.  AD  ••  Radius  : : S.  AB  ••  S.  D. 

CASE  VI.  Fig.  88.  • 

Given  the  Hypothenufe  and  a Leg , to  find  the  other  Leg . 

Given  ^Leg  } Required  BD. 

Here  A D is  Middle  Part,  and  A B and  B D arc 
Disjundls,  therefore  the  Proportion  is, 

As  S.  C.  AB  ••  Radius : : S.C.  AD  ••  S.  C.  BD. 

R - - CASE 
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CASE  VII.  .Fig.  89. 

Given  an  Angle  and  a Leg  adjacent , to  find  the  Leg  oppojite 
to  the  given  Angle. 

Given  | | Required  the  Leg  FG. 

In  this  Cafe  EF  is  middle  Part,  and  the  other  Parts 
are  Conjuntts,  therefore  the  Proportion  is. 

As  T.  C.E  ••  Radius  : : S.  EF  ••  T.  FG. 

CASE  VIII.  Fig.  90. 

Given  an  Angle  and  a Leg  adjacent , to  find  the  Angle  oppo- 
jite to  the  given  Leg : 

Given  j EF  } ^eclu^rec^  Angle  G. 

Here  the  Angle  G is  middle  Parr,  and  E F and  E 
are  Disjun&s,  therefore  the  Proportion  is, 

As  Radius.*’  S.  C.  Ep  : ; S.  E ••  S.  C.  G. 

' e • ' **  ' * ' ■ 

CASf  IX.  Fig.  91. 

Given  an  Angle  and  a Leg  adjacent , to  find  the  Hypotbenuft. 

Given  Required  EG. 

The  Angle  E is  middle  Part,  and  EF  and  EG  are 
Conjun&s,  therefore  the  Proportion  is, 

As  2*.  EF  ••  Radius ::  S.C.  E.  ••  T.  C.  EG. 

• * f 

C 4 S E X.  Fig.  92. 

Given  an  Angle  and  a Leg  opppfite , to  find  the  Leg  adjacent 
to  the  given  Angle. 

Given  f Leg1  FG  } Required  E F! 

.Thq 
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The  Side  EF  is  middle  Part,  and  Angle  E and  Side 
FG,  are  Conjun&s,  therefore  the  Proportion  is, 

As  Radius  T.  FG  : : T.  C.  E ••  S.  EF: 

CASE  XI.  Fig.  93. 

Given  an  Angle  and  a l*g  oppofite,  to  find  the  Angle  adja- 
cent to  the  given  Leg. 

Given  £ Leg  FG } Requ'red  Angle  G. 

Here  E is  middle  Part,  and  FG  and  Angle  G arcj 
Disjuntts,  therefore  the  Proportion  is, 

As  5.  C.  FG  ••  Radius  : : S.  C.  E ••  S.  G. 

CASE  Xll.  Fig.  94. 

Given  an  Angle  and  a Leg  oppofite,  to  find  the  Hypotbenufel 

Given{Le|FG}Required  EG 

Here  FG  is  middle  Part,  and  EG  and  Angle  E are 
Disjunfts  j therefore. 

As  S.  E ••  Radius  : : FG  ••  S.  EG. 

CASE  XIII.  Fig.  95. 

Given  the  Legs  to  find  an  Angle. 

Given  {Leg  iKlRequired  AngIc H’ 

Hence  H I is  middle  Part,  and  I K and  H are  Con-' 
jun&s,  hence  the  Proportion  is, 

Asr.  IK  Radius::  5.  HI  C.H. 

R 2 CASE 
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CASE  XIV.  Fig.  96. 

Given  the  Legs  to  find  the  Hypothenufe. 

Given [ Leg  IK  1 Re(luired  H K- 
Hence  H K is  middle  Part,  and  HI  and  IK  are 
Disjunds,  therefore  the  Proportion  is, 

As  Radius  ••  S.  C.  H I : : S.  C.  I K.  ••  S.  C.  HK. 

CASE  XV.  Fig.  97. 

Given  the  Angles  to  find  a Leg. 

«ven  Inquired  HI- 

Here  the  Angle  K is  middle  Part,  and  H I and  An- 
ale  H are  Disjunds,  therefore  the  Proportion  is, 

As  S.  H ••  Radius  : : 5.  C.  K ••  S.  C.  H I. 


t . 


CASE  XVI.  Fig.  98. 

Given  the  Angles  to  find  the  Hypothenufe: 

Given  j^ll'  r j Rc<»Uired  H 

Here  HK  is  middle  Part,  and  the  Angles  H and  K 
are  Conjunds,  therefore  the  Proportion  is. 

As  Radius  ••  T.  C.  H : : T.  C.  K ••  S.  C.  HK. 

Thefe  are  the  16  Cafes  of  Right-angled  Triangles, 
and  are  all  performed  by  the  fundamental  Proportion, 
.commonly  called  my  Lord  Napier* s,  mentioned  in  So- 
lution the  4th,  by  the  Help  of  the  Diredions  in  Solu- 
tion 2,  3,  and  6 i the  other  12  Cafes  are  in  Oblique; 
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and  performed  by  Solution  7 and  8,  and  the  Conclu- 
flons  following  them. 

Note-,  When  we  refer  to  any  Cafe,  we  mean  fomeof 
the  16  Cafes  of  Right-angled  Spherical  Triangles  be- 
fore going. 

Oblique  Angles. 

CASE  I.  Fig.  99. 

Two  Sides  and  an  Angle  oppofite  to  one  of  them  being  given , 
to  find  an  Angle  oppofite  to  the  other. 

Note  It  is  to  be  known  whether  the  Angle  requi- 
red be  Acute  or  Obtufe  ; for  if  it  be  Acute,°the  Sine, 
Tangent,  fcfr.  that  the  Operation  prodticeth,  is  the 
Sine  Tangent,  &c.  of  the  Angle  required  j but  if  it 
is  Obtufe,  the  Degrees  found  fubtratted  from  1 So,  the 
Remainder  is  the  Quantity  of  the  Angle  required. 

C The  Side  LN; 

Given  ^ The  Side  NM,  Required  the  Angle  L. 

( The  Angle  M ) 

The  Solution  of  this  depends  upon  Solution  7. 

As  S.  LN  ••  S.M  : : S.  NM  ••  S.  L. 

CASE  II.  Fig.  100. 

Two  Sides  being  given,  with  an  Angle  oppofite  to  one  of  them , 
to  find  the  Angle  included  between  the  given  Sides. 

CThe  Side  LN) 

Given#?  The  Side  N M > Required  the  Angle  N- 
CThe  Angle  M3 

Let  fall  the  Perpendicular  N P from  N by  Sol.  8. 
which  falls  within  then  in  the  Right-angled  Trian- 
gles MPN  there  are  given  the  Side  NM,  and  the  An- 

R 3 gle 
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gle  M to  find  the  Angle  MNP  by  Cafe  III.  and  then  by 
Conclufion  the  fourth,  the  Propofition  for  finding  the 
Angle  LNP  is. 

As  T.  LN  ••  S.  C.  MNP  : : T.  MN  - S.  C.  LNP,  and 
the  Angle  LNP  being  found  and  added  to  the  Angle 
MNP,  the  Sum  is  the  whole  Angle  LNM  required. 

CASE  111.  Fig.  1 or. 

Given  two  Sides  and  an  Angle  oppofite  to  one  of  thcmt  to  find 
the  third  Side. 

^ The  Side  LN") 

Given  < The  Side  NM>  Required  the  Side  LM 
^The  Angle  M_> 

Here  as  in  Cafe  II.  becaufe  the  fame  Things  are 
given,  the  Perpendicular  muft  fall  frorn  the  Angle  N, 
upon  the  Side  LM,  and  having  let  it  fall  to  P by  Sol. 
8.  you  have  given  in  the  Right-angled  Triangle  MPN 
the  Angle  M and  the  Side  MN,  to  find  the  Bafe  MP 
by  Cafe  I.  which  being  found,  find  the  other  Segment 
of  the  Bafe  by  Conclufion  the  third,  viz. 

As  S.  C.  NM  ••  S C.  PM  ::  S.  C.  LN  ••  S.  C.  LP. 

Then  MP,  added  to  LP,  is  the  Side  LM  required. 

CASE  IV.  Fig.  102. 

Two  Angles  and  a Side  oppofite  to  one  of  them  being  given , to 
find  the  Side  oppofite  to  the  other. 

Note  •,  Here  as  in  Cafe  J.  it  i$  required  to  be  known 
whether  the  Side  required  be  more  or  leis  than  a Qua- 
drant; for  if  it  be  lpfs,  the  Sine  or  T?nge?c  found  an- 
fiyers  the  Off;  but  if  it  is  more  thaq  $ Quadrant,  fub-r 
tradl  the  Degrees  and  Minutes  fopnd  frpm  480  Degrees, 
the  Remainder  is  the  Side  required. 

Given 
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( The  Angle  N ) 

Given<The  Angle  M - Required  the  Side  LM. 
(The  Side  LN) 

The  Proportion  in  this  Cafe  deduced  from  Sol.  y.  *s> 
As  S.  M - S.  LN  : : S.  N ••  S.  LM. 

/ 

C A S £ V.  Fig.  103. 

Two  Angles  and  a Side  oppojite  to  one  of  them  being  given, 
to  find  the  Side  included  between  the  given  Angles. 

C The  Angle  L ) 

Given<  The  Angle  M > Required  the  Side  LM. 
(The  Side  LN) 

Here  by  Sol.  8.  the  Perpendicular  is  to  fall  from  the 
Angle  N upon  the  Side  LM,  and  then  in  the  Triangle 
LPN  there  is  given  the  Angle  L,  and  the  Side  LN  to 
find  the  B'afe  LP  by  Cafe  I.  of  Right-angled  Spherical 
Triangles,  which  being  found,  the  other  Segment  PM 
is  found  by  Conclufion  the  fecond,  thus : 

As  T.  M- S.  LP  : : T.  L-5.MP. 

The  Segment  MP  added  to  LP  makes  the  whole  Side 
LM  required. 


CASE  VI.  Fig,  104. 

Given  two  Angles  and  a Side  oppofite  to  one  of  them , to  find 
the  third  Angle. 

(The  Angle  L) 

Given  < The  Angle  M^  Required  the  Angle  N. 

( The  Side  LN) 

The  Perpendicular  falls  from  the  Angle  N by  Sol.  8. 
then  in  the  Right-angled  Triangle  LPN  there  is  given 
the  Angle  L and  Side  LP,  to  find  the  Angle LNP  by 
Cafe  III.  and  then  the  other  Angle  MNP  by  Conclufion 
(he  firft,  thus. 

As  S.  C.  h S.  LNP  ;;  S.  C.  M ••  S.  MNP. 

R 4 Then 
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Then  the  Angle  MNP  added  to  LNP  is  the  whole 
Angle  N required. 

CASE  VII.  Fig.  105. 

¥ wo  Sides  and  an  Angle  included  given,  to  find  either  of  the, 
other  Angles. 

I t 

!The  Side  XY  7 

The  Side  YZ  Required  the  Angle  Z. 
The  Angle  XYZj 

i 

Here  by  Sol.  8.  the  Perpendicular  muft  fall  either 
from  X or  Z,  and  it  falls  without,  either  upon  the  Side 
XY  continued,  or  upon  ZY  continued  •,  but  where  the 
Cafe  is  fo  ambiguous  by  Sol.  8,  obferve. 

Let  the  Perpendicular  fall  from  the  End  of  a given  Side , 
and  oppofite  to  a given  Angle , and  likewife  oppofite  to  the 
Angle  required , if  an  Angle  be  required , or  next  to  the  Side 
required , if  a Side  be  required. 

By  this  Rule  the  Perpendicular  muft  fall  from  the 
Angle  X upon  the  Bafe  Z Y continued  to  W,  and  then, 
in  the  Right-angled  Triangle  YWX,  there  is  given  the 
SideXY,  and  the  Angle  XYW  (being  the  Supple- 
ment of  the  given  Angle  XYZ  to  180  Degrees)  to  find 
the  Leg  WY  by  Cafe  I.  of  Right-angled  Spherical  Tri-j 
angles,  and  adding  WY  to  YZ  the  Sum  is  WZ ; then 
by  Conclufion  the  Second, 

As  5.  WZ  ••  T.  XYW  : : S.  WY  ••  T.  XZW. 

CASE  VIII.  Fig.  106. 

T wo  Sides  and  an  Angle  included  being  given , to  find  the 

third  Side. 

C The  SideXY  ; - , 

Given^  The  Side  YZ  > Required  the  Side  XZ. 

(The  Angle  XYZ  ) 


In 


Se£t.  III.  Oblique-angled.  249 

In  this  Cafe  the  Perpendicular  falls  from  the  Angle 
X (by  Sol.  8 ) without  the  Triangle,  upon  the  Mde 
Z Y continued  to  W,  for  the  fame  Rer.fons  as  in  Cafe 
VII.  or  it  might  be  let  fall  from  the  Angle  Z upon 
the  Side  XW  continued,  but  we  Hull  chul'e  the  former, 
•viz.  to  let  it  fall  from  the  Angle  X to  the  Side  ZY  con- 
tinued to  VV,  then  as  in  Cafe  7,  of  Oblique  Spherical 
Triangles  you  have  given  the  Angle  V\  YX,  and  the 
Jlypothenuie  YX  to  find  WY  by  Cafe  I.  of  Right- 
angled  Spherical  Triangles,  then  adding  W Y to  the 
given  Side  YZ,  gives  the  whole  Bale  WZ,  then  find  the 
required  Side  XZ  by  Conclufion  the  third, 

As  S.  C.  WY  ••  S.  C.  X Y : : S.C.  WZ  ••  S.  C.  XZ. 


CASE  IX.  Fig.  107. 

T 1 vo  Angles  and  a Side  included  being  given,  to  find  either 
of  tie  other  Sides. 

CThe  Angle  B 1 

Given<  The  Angle  G > Required  the  Side  GN. 

I The  Side  BG  j 

In  this  Cafe  the  Perpendicular  falls  from  the  Angle 
G upon  the  Side  BN  by  Sol.  8.  and  falls  within  the- 
Triangle,  and  then  in  the  Triangle  BGP,  there  is  given 
the-  Side  BG,  and  the  Angle  B,  to  find  the  Angle  BGP 
by  Cafe  III.  which  Angle  being  found,  iubtract  it  from' 
the  whole  Angle  BGN,  the  Remainder  is  the  Vertical 
Angle  PGN,  then  by  Conclufion  the  fourth. 


As  S.C.  PGN  ••  T.  BG  : : S.  C.  BGP  ..  T.  GN,  which 
is  the  Side  required. 

CASE  X.  Fig.  108. 

Two  Angles  and  a Side  comprehended  being  given , to  find  the 

other  Angle. 

Given 
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( The  Angle  B ) 

Given<  The  Angle  G>  Required  the  Angle  N: 
(The Side  BG) 

\ 

Here  by  Sol.  8.  and  the  Reafons  given  in  Cafe  IX. 
the  Perpendicular  falls  from  the  Angle  G upon  the  Side 
BN,  then  in  the  Triangle  BPG,  there  is  given  the  An- 
gle B,  and  the  Side  BG  to  find  the  Vertical  Angle 
BGP  by  Cafe  III.  which  being  found  anti  fubtra<5hd  from 
the  whole  Vertical  - Angle  BGN,  there  remains  rhe  Ver- 
tical Angle  PGN,  then  find  the  required  Angle  PNG, 
by  Conclufion  the  firft,  thus, 

As  S.  BGP  ••  S.  C.  GBP  : : $.  PGN  ••  S.  C.  PNG. 

CASE  XI.  Fig.  109, 

Three  Sides  given  to  find  an  Angle. 

(The  Side  BG  ) 

Given  <J  The  Side  GN  > Required  thcAngle  GBN 
(The  Side  BNj 

This  Cafe  may  be  performed  by  various  Methods, 
or  by  Conclufion  6,  but  being  the  required  Angle  is  one 
of  the  Angles  at  the  Bafe,  it  may  be  more  commodi- 
oufly  done  (a  Perpendicular  being  let  fall)  by  Conclufion 
the  fixth,  that  is,  as  Tangent  of  half  the  Bafe  BN,  is 
to  the  Tangent  of  half  the  Sum  of  the  Sides  BG  and 
GN  i fo  is  the  Tangent  of  half  the  Difference  of  the 
faid  Sides,  to  the  Tangent  of  half  the  Difference  of  the 
Segments  of  the  Bafe. 

Then  in  the  Triangle  BPG  there  is  given  the  Hypo- 
' thenufe  BG,  and  Leg  BP,  to  find  the  Angle  required  by 
Cafe  IV.  of  Right  angled  Spherical  Triangles,  viz. 

As  Radius  T.  BP  : : T.  C.  BG  ••  S.  C.  PBG,  the  An- 
gle required. 

Note-  When  the  greateft  Angle  is  required  it  is  bet- 
ter to  Work  it  by  Conclufion  the  fixth. 

CASE 
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CASE  XII.  Fig.  no. 

Given  the  Angles  to  find  a Side. 

Take  the  Complement  of  the  greateft  Angle  to  180 
Degrees,  and  then  the  Angles  will  be  turned  into  Sides  j 
and  are  to  be  calculated  in  all  Refpe&s  as  in  Calc  the 
Eleventh,  which  need  not  be  repeated  in  this  Place* 
but  fhall  be  more  large  when  we  come  to  the  Applica- 
tion hereof  to  Aftronomy. 


SECT.  IV. 

The  Demonjlration  of  the  firjl  Five  of  the  Conclu - 
. fomy  by  which  Oblique  Spherical  Triangles  are 
folved  by  the  Help  of  a Perpendicular. 

OBferve  all  Spherical  Triangles  which  require  a Per- 
pendicular to  be  let  fall  according  to  Sol.  8. 
that  the  Perpendicular  divides  the  Oblique  Triangle 
into  two  Right-angled  ones,  and  is  common  to  both,  if 
both  the  Angles  at  the  Bafe  be  acute,  for  then  it  falls 
within  * or  if  it  falls  without,  the  Rules  are  evidently 
the  fame  if  we  look  upon  the  Oblique  Triangles  to  be 
folded  in  the  Perpendicular,  the  lefier  unfolded  out  of 
the  greater*  the  fame  Perpendicular  is  common  to  both, 
and  the  Demonftration  is  the  lame. 

The  Demonftration  is  deduced  from  the  fundamental 
Proportion  Sol.  4.  provided  we  make  Radius,  and  the 
Perpendicular  (which  is  common  to  both  Triangles) 
the  two  firft  Terms  in  both  Proportions  •,  for  they  be- 
ing deftroyed,  the  two  laft  Terms  in  both  bear  the  fame 
Proportion  to  each  other,  as  the  firft  and  laft  in  each 
did,  a&  for  Example. 

Conclufioo  I.  The  Co-fines  of  the  Angles  at  the 
Bafe  are  dire<ftly  proportional  to  the  Sines  of  the  verti- 
cal Angles. 

In 
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’LNP  : As  Radius  ••  S.  C.  NP  ; : S.  LNP  .. 
In  the  ^ S.  C.  L. 

Triangle  1 MNP  : As  Radius  S.  C.  NP  : : S.  MNP  •• 
S.C.M. 

Deftroy  the  two  firft  Terms  in  each,  it  will  be. 

As  S.  LNP  -S.C.  L : : 5.  MNP  ••  S.  C.  M. 

That  is,  as  the  Sine  of  one  Vertical  Angle,  is  to 
S.  C.  of  its  Angle  at  the  Bafe  } fo  is  the  Sine  of  the 
Other  Vertical  Angle,  to  the  S.  C.  of  its  Angle  at  the 
Bafe.  Which  was  to  be  proved. 

Conclufion  II.  The  Sines  of  the  Bafes  are  reciprocally 
proportional  to  the  Tangents  of  the  Angles  at  the  £afe. 

In  the  Triangle  LNM,  let  fall  the  Per- 
Fig.  104.  pendicular  NP  by  Sol.  8,  and  then  by  the 
Directions  above,  the  Bales  and  the  Angles 
at  the  Bafe  are  the  Parts  concerned  in  the  Queftion,  to 
make  (with  Radius  and  the  common  Perpendicular;  the 
four  Terms  in  the  Queftion,  and  then  by  Qafe  X.  of 
Right-angled  Spherical  Triangles,  it  is, 

fLNP  : As  Radius  ••  T.  NP  : : T.  C.  L ••  S. 
In  the  J LP. 

Triangle]  MNP  : As  Radius  ••  T.  NP  : : T.  C.  M ••  S. 
L MP. 

Deftroy  the  two  firft  Terms  in  each  (being  both  the 
fame)  and  it  will  be, 

As  T.  C.  L ••  S.  LP  : : T.  C.  M ••  S.  MP. 


Alternately,  as  T.  C.  L - T.  C.  M : : S.  LP  ••  S.  MP  ; 
but  as  T.  C.  of  any  Arch,  is  to  the  T.  C.  of  any  other 
Arch;  fo  is  T.  of  the  latter,  to  the  T.  of  the  former 
Supplement  to  Barrow’j  Euclid)  therefore ; 

A* 
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As  F.  M ..  S.  LP  : : F.  L ••  S.  MP. 


253 


Conclufion  the  Third.  The  Co-fines  of  the  Segments 
of  the  Bale  are  directly  proportional  to  the  Co-fines  of 
the  Hypothenufes. 

In  the  Triangle  LNM  let  fall  the  Perpen- 
dicular NP  to  divide  it  into  two  Right-  Fig.  104. 
angled  ones  LNP  and  MNP  by  Sol.  8.  then 
as  the  Bafes  and  Hypothenufes  are  the  Parts  concerned 
with  Radius  and  the  common  Perpendicular  NP,  it  will 
be  by  Cale  the  XIV. 

'LNP  : As  Radius  ..S.C.  NP  : : S.  C.  LP  : 
In  the  6'.  C.  LN. 

Triangle  MNP  : As  Radius  ••  S.  C.  NP  ••  S.  C.  MP : 

S.  C.  MN 

Deftroy  the  two  firft  Terms  in  each,  it  is, 

• • 1 

As  S.  C.  LP  ••  5.  C.  LN  : : S.  C.  MP  ••  S.  C.  MN. 

- * *• 

Conclufion  the  Fourth.  The  Tangents  of  the  Hypo- 
thenufes are  reciprocally  proportional  to  the  Co-fines  of 
the  Vertical  Angles. 

Let  fall  the  Perpendicular  NP,  as  before, 
and  then  in  the  Triangle  LNP  the  Side  LN,  Fig.  104. 
and  Angle  N,  and  in  the  Triangle  MNP, 
theBide  MN,  and  the  Angle  N are  the  Parts  concern- 
ed with  Radius,  and  the  common  Perpendicular  NP, 
then  by  Cafe  the  IV.  it  is, 

- 'LNP  : As  Radius  ••  T.  NP  : : 7*.  C.  LN  •• 
In  the  S.  C.  N- 

Triangle  • ' MNP  : As  Radius  ••  F.  NP  : : F.  C.  MN  -* 
l S.  C.  N. 

Deftroy  the  two  firft  Termfs  in  each,  it  is, 

As 
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As  T.  C.  LN  ••  S.  C.  LNP : : T.  C.  MN  ••  S.  C.MNP. 
or  by  mutually  changing  Tang.  Comp,  for  Tangent, 
as  T.  MN  ••  S.C.  LNP  : : T.  LN  ••  5.  C.  MNP. 

Conclufion  the  Fifth.  The  Tangents  of  the  Bales  are 
direttly  proportional  to  the  Tangents  of  the  Vertical 
Angles. 

In  the  Oblique  Triangle  LNM  divided 
Fig.  104.  into  two  Right-angled  ones  by  the  Perpen- 
dicular N P,  as  before,  the  Parts  concerned 
are  the  Safes  and  Vertical  Angles,  viz.  in  the  Triangle 
LPN,  are  the  Angle  LNP,  and  Sides  LP  andNP*,  and 
in  the  Triangle  MPN,  are  the  Angle  NMP,  and  the 
Sides  PM  and  PN,  but  becaufe  PN  is  middle  Part,  it 
cannot  come  in  with  Radius  to  pofiefs  the  firft  andfecond 
Places  in’  the  Proportion,  without  Tranlpofuion  or  Al- 
teration, which  may  be  thus  done — Firft,  by  Cafe  the 
^Tenth: 

‘LPN  : As  Rad.  ••  T.  LP.  : : T.  C.  LNP  - 
In  the  S.  NP. 

Triangle  1 MNP  : As  Rad.  ••  T.  BM.  : : T.  C.  MNP  •• 
S.  NP. 

Therefore  (by  Supplement  to  Barrow’j  Euclid) 

1 

{LNP  : As  T.  C.  PL  :Rad.::  T.  C.  LNP  - 
S.  NP. 

MPN  : As  T.C.  PM  ••  Rad. ; : T.C.  MNP  •• 
S.  NP. 

By  Permutation,  Euclid  Lib.  5.  Def.  12. 

’LPN  : As  T.  C.  LP  ••  ST.  C.  LNP  : : Rad.  •• 
In  the  S , NP.  , 

Triangle]  MNP  : As  T.C  PM  ••  T.C.  MNP  : : Rad.  •• 
S.  NP. 

Deftroy  the  two  laft  Terms,  being  both  the  fame  i» 
each,  and  the  remaining  Proportion  will  be. 
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As  T.  C.  LP  ••  T.  C.  LNP  ::T.C.  PM  ••  T C.  MNP. 

But  as  the  Tangent  Complement  of  any  Arch  is  to 
the  Tangent  Complement  of  any  other  Arch,  fo  the 
Tangent  of  the  latter  Arch  to  the  Tangent  of  the  former, 
(bccaufe  every  Tangent  multiplied  by  its  Complement 
produceth  the  Square  of  Radius)  therefore  it  is; 

As  T.  C.  LP  ..  T.  C.  LNP  : : T.  LNP  ••  T.  LP. 

And  for  the  fame  Reafon ; 

As  r.  C.  PM  ••  T.  C.  MNP  : : T.  PM  ••  T.  MNP. 

Therefore  in  an  inverfe  Proportion, 


As  T.  LNP  ••  T.  LP  : : T.  LMP  ••  T.  MP. 

That  is,  as  the  Tangent  of  one  Segment  of  the  Bafe 
is  to  the  Tangent  of  its  Vertical  Angle  ; fo  is  the  Tan- 
gent of  the  other  Segment  of  the  Bafe,  to  the  Tangent 
of  its  Vertical  Angle.  Which  was  to  be  demonjlrated. 

Thefe  Conclufions  are  fufficient  in  all  Cafes  of  Qblique 
Spherical  Triangles,  and  l thought  it  more  proper  to  de- 
monftrate  them  here,  than  to  interrupt  the  Learner  with 
a Demonftration  in  the  Practice  of  the  28  Cafes  of  Sphe- 
rical Triangles. 


Of  Quadrant al  ‘Triangles . 

As  Right-angled  Triangles  are  fo  called,  becaufc  they 
have  one  Angle,  that  is  a Quadrant  or  90  Degrees;  fo 
the  Quadrantal  one  takes  that  Name  from  their  having 
one  Side  of  a Quadrant  or  90  Degrees,  as  in  the  Triangle 
A OP,  the  Side  A P being  a Quadrant  or  90  Degrees, 
or  in  Aftronomical  Terms  (which  we  fhall 
explain  hereafter)  the  Side  A O is  the  Sun’s  Fig.  65.' 
Longitude,  the  Sine  OP  is  the  Complement 
of  the  Sun’s  Declination,  and  AP  is  a Quadrant,  or  the 
Pole’s  Diftance  from  the  Equinottial,  (dc. 

Thefe 
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Thefe  Quadrantal  Triangles  are  folved  by  the  fame 
univerlal  Proportion,  as  Right-angled  ones  are,  if  we  ufe 
the  Sides  of  the  Quadrantals  as  we  do  the  Angles  of  the 
Right-angled,,  viz.  as  in  Right-angled  Triangles,  the 
Right  Angle  is  excepted,  anu  the  other  two  Angles  and 
the  three  Sides  are  called  the  five  circular  Parts,  fo  in 
'Quadrantal,  the  Quadrantal  Side  is  excepted,  and  the 
other  two  Sides  and  the  three  Angles  make  the  five  cir- 
cular Parts;  but  all  the  Parts  whether  Sides  or  Angles 
(except  the  Quadrantal  Side)  are  called  Conjundts,  Dif- 
jundts  and  Middle  Part,  as  Right-angled  Triangles  are, 
and  with  the  fame  Limitation,  viz.  that  the  two  Angles 
next  the  Quadrantal  Side,  are  called  by  their  Comple- 
ments, viz.  if  they  are  Conjundts  they  are  called  Tangent 
Complements,  and  Sines  if  they  are  Disjundts ; and  if 
Middle  Part  they  are  Sine  Complements,  and  in  all  other 
Cafes  they  are  performed  as  in  Solution  4,  with  the  Cau- 
.tion  in  Solution  5 and  6,  as  one  Example  will  fufficient- 
ly  explain. 

Suppofe  in  the  Triangle  APO  there  is  given 
Fig.  65.  its  Sides  AO  and  OP,  to  find  an  Angle  at  O, 
here  AG  and  0P  are  Conjundts, and  the  Angle 
O is  Middle  Part,  and  becaufe  the  Parts  given  and  re- 
quired are  remote  from  the  Quadrantal  Side,  they  are 
called  by  their  Complements ; and  hence  the  Propor- 
tion is : 

As  Rad.  C.  AO::  T.C.  OP  : : S.  C.  AGP. 

It  will  be  needlefs  to  repeat  any  more  Examples,  it 
being  fcarce  poflible,  after  thefe  Diredtions,  for  any 
that  underftands  Right-angled  Spherical  Triangles,  to 
miftake  in  folving  the  Quadrantal  ones. 
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06.0 1 00.1 
00.1 
00. 1 
09.0)  CO  1 
100 1 OO.l 


11  »l-0 
11  11.0 
1J 

14.0 


16  160 

17  170 

18  1*0 

19  190 

JO  JO.O 


1 1.0  00.4 

II. 0  00.4 

IJ. O  00-5 
00.  s 
oo-5 

00.  j 16.0  00,6 
00.3  170  00.6 
00; j 1 8,o  .00.6 
00.3  190  00.7 
00  4 10.0  00.7 


00.4  11.0  00.7 
co.4  11.0  00.8 
00.4  13,0  00  8 
00.4  14,0  00.8 
004  15.0  00.9 
009  16.0  00.9 
00,5.  17.0  00.9 
cos  *8.o 
00.5  19.0 
00  s joo 
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00.6  31  o 
00  6 j j o 
00.6  34.0 
00.6  35.0 
00.6  36.0  01.3 
00.6  37.C  01.3 
co.7  38.0  01. j 
00.7  39.0  01.4 
00.7  40  0 «l-4 


1 00.7  41.0  03.4 
00,7  41.0  01.5 
00.8  43.0  01.5 
00  8 44.0  01.5 
co.8  45,0  01.6 

00.8  46.0  01.6 
oc.8  47.0  01.6 

48.0  01,7 

49.0  01.7 


26.0  01.3  26.0  04.4 

17.0  01. j1  17-0  01.4 

28.0  01.4  18.0  01.5 

19.0  014  19.0  01.5 

30.0  01.5  30.0  01.6 


31.0  01.5  Ji.o  01.6 

32.0  01.6  310  01.7 
jj.o  01.6-  33-°  01.7 

34.0  01.7  34°  °i.8 
35-o  01.7  rso  01,8 


36.0  01.8 


17.0  01.8 

38.0  01.9 
390  01.9 

40.0  01.0 


jao  01.7 
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SI.  1 
02.1 
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4i-9  01-4 
46.9  I oi-s 
oi*5 


35-9  01.5 

36.9  02.6 

37-9  01-7 

38.9  01.7 

39.9  02.8 


40.9  02.9 

41.9  | 01.9 
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02.6 
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01.9 
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02.0 
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S6.9 

s8.o 

01.0 

S7-9 

S9-o 

02.1 

S8.9 

600 

01. 1 

S9-9 

6 1 
61 
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6i 


66  66.o 

67  67.0 

68  680 

69  69  o 

70  700 


71.0 

71.0 
7 JO 

74.0 

7S  o 


76  76.0 

77  77.0 

78  78.0 

79  79-0 

80  80.0 


81  81.0 
81  81.0 
8]  8j.o 
84  o 
8$  o 


66 o ot.jl 65.9 
67  0 oj.j  66.9 
680  01.467.9 
69  O 01.4  68,9 
70.0  0J.4  69.9 


91  910 
91  9x0 

93  93-0 

94  94-o 

95  95-0 

& 


90.9 

91.9 

92.9 
93-9 
94  9 


95-9  °3'4 

96.9  oj.4 

97.9  °3-4 

98.9  oj  i 
99 -9  °3  S 
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S^9  oITr 
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OJ.O 
OJ.I 
OJ.l 


60.9  oj.x 

61.9  OJ.l 

62.9  OJ.J 

6j,9  oj.j 
64  9 oj  4 


65.9  ^I  S 

66.9  Oj.j 


LAJC 


6|.S 

648 


65.8  04.6  6j-7 

66.8  04.7  66.7 
<7.8  047  67.7 

68.8  04.8  68.7 

69.8  04.9  69.7 


70.8 
71-8 
7»-8 
73  * 

74-8 


75-8  oj.j  7J.7 
76.8  05.4  76.7 
77.1  oj.4  77.7 

78  8 Cj.j  78.7 

79  8 Oj  6 79.7 


808  oj.7  8a7 
8i.8  |oj  7 81.7 
Oj  8 82.7 
OS  9 *3-7 
°S  9 *4-7 


°H  ji 
04S  jl 
04.6  „ 

y*  *♦ 

ss 


04.9 

Oj.O 

Oj.l 

Oj.i 

0$.x 


°S.  3 61 
OS  4 61 
OS-S  6j 
OS-6  64 
0S7  65 


°S-8  66 

os  8 67 

0S-9  68 

06.0  69 

06.1  70 


06.4 

06.4 

06  j 
o 6.6 
0S6 


95-9  oS-o  95-8  06.7 
969  oj  t 96  8 0S.8 
97  9 oj.i  97-8  06.8 
98.9  oj.i  98.8  06.9 
99-9  oj,i  99  8 1 07.0 
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90.7  07,9 
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916  08.  i 
9J.6  08.1 

94.6  08.J 
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o8.j 
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08.7 
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00.2  02.0  00.2  02.0  00.2  02.0  00.3  °2.o  oo-3  °*>°  O0-3  * 

00.3  03.0  00.3  03.0  00.4  03.0  00.4  03.0  00.4  03.0  00.5  3 

00.4  04.0  00.4  04.0  00.5  04.0  00.6  04.0  oo.t  03.9  00.6  4 

00.5  05.0  00.5  oj.o|  00-6  05.0  00.7  Q4-9  °°-7  °4-9  °°-8  5 

06.0  00.6 

07.0  00.7 

08.0  00.8 

08.9 
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m 
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02 
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03 
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04 
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00.9 

06 
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07 
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02.6  26. j 

02.7  27.8 

02.8  28.8 

02.9  29.8 

03.0  30.8 

03.1  31.8 

03.2  32.8 

03.3  33.8 

03.4  34-* 


35.8  03.8 

36.8  03.9 

37.8  04.0 

38.8  04.1 

39.8  04.2 


15.8  02.2 

16.8  02.4 

17.8  02. j 

18.8  02.6 

19.8  02.8 


20.8  02.9 

21.8  03.1 

22.8  03.2 

23.8  03.3 

24.8  03.5 


25.7  03.6 

26.7  03.8 

27.7  03.9 

28.7  04.0 

29.7  04.2 


04.3 

04.5 

04.6 

04.7 
04.9 


35.6  05.0 
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47-6  ®5'9 
48.6  06.0 
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*3 
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20.7 

21.7 
22.7 

23.7 

24.7 


O3.8  25.7  04.1 

04.0  26.7  O4.2 

04.1  27.7  O4.4 

04.3  28.6  04.5 

04.4  29.6  O4.7 


05.6  36 

05.8  37 

05.9  38 

06.1  39 

06.3  40 


40.5  06.4  41 

41.5  06.6  4* 

42.5  06.7  43 
43 -3  ot-9  44 
44.4  07.0  45 


07.2  4® 
oj.3  47 
°7-5  4* 

07.7  '49 

07.8  5° 


IE 


7^  Point  I 81  Deg.l  SP 
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0/  Latitude  and  Departure. 


O Point  15  -Deg,  ib  Dcg-H|  Point 
Lat  Ocp  Lat  i>cp  j Lat 

j]  49.5  ‘M  49.3  '3.*  \*9fi  '4.« 
jo, 4 U,6  so>l  1 3,5  jo,o  14,3 
,2*9  Si,*  13,7  jc^)  14/S 
'3.'  51,2  14.0  S 1,9 


54.3  '3,6 

55.3  ‘3.9 


1 3.+  sy  5*>9 

'3»6  54,'  '4.5  I 53,fc 


56.3  '4.1 

57, *  '4.3 

58, *  14,0 


5 9,* 

60.1 

61.1 


66  64,0  ,g|0  63,7 

67  6s«°  [5,3  64,7 

«8  66,0  ,6>5  65,7 

69  66,9  ,5,8  66,6 

70  67,9  17  0 67,6 
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54 

55 


56  Sl.i 
i7  i*-5 
$8  53- 4 

59  5t-3 

60  55-i 


6i  56.1 
6*  57-1 

63  58.0 

64  58.9 

65  59-8 


66  60.8  15.8 

67  6 1.7  16.1 

68  61.6  26.6 

69  635  27.0 

70  64.4  27.3 


71  65.4  17.7 
71  66.3  18.1 

73  67.1  28.5 

74  68.1  28.9 

75  69.0  29.3 


76  70.0 

77  70.9 

78  71.8 

79  72.7 
8°  73.6 


*'  74-6 
75  5 
76-4 

!4  77-3 
8S  78.2 


^ 79-2  336 
ll  8o-'  34-0 
8'-°  34-4 
k9  81.9  34.8 
2E  82.8  35.2 
83  8 35.6 
9a.  84-7  3J-9 
9i  85 .6  36.3 

94  86.5  36.7 

gj  87.4  37-i 
j*  88.3  37.5 

o*  5 579 
9*  90.*  3«-4 
9I-*  58.7 
9*  o 39.1 


Dep  I Lat 


Lat  I Dep 


46.2  u.6 
47-1  12.0 
48.0  22.4 
48.9  21.8 
49-8  23.* 
50.8  23.7 
51-7  24-1 
5*  6 24.5 
53.5  14.9 
54-4  25.4 


55-3  *5-8 
56.2  26.2 
57-i  *6.6 
58.0  27.0 

58.9 


6.8  59-8 
7.2  60.7 
61.6 
62.5 
63  4 


1 


*4  Point 


Dep 


506  23.9  50.3 
51-5  »4-4  51* 
52.4  24.8  J2.| 
53-3  *S*  S3C 
54.2  *^7  5 3 9 
26.1 
26.5 
26.9 
*7 


73-4]  34-1 
74* 3 1 34-7 
331 


Dep|Lat  | Dep) Lat  | Dep  I Lat 


68.7  31-5  68.3 
69.6  32.5  69.2 
70.5  33-3  70.1 
71-4  33-8  71.C 
71.3  '4-*  71-9 


73-* 

74.1 

75-0 
75-9|  35-9 
7<5.8|  36.3 


Dift 
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□l  z8  Deg.  1 Pointl  29  Deg.  30  Deg.  Point)  31  Dev;.  1 C 
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36  Deg. 

O 

Dep 
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Pep 

29.3 

41.3 

30.0 

Si 

29.8 

42.1 

30.6 

■ 52 

304 

4*9 

31.2 

S3 

3 10 

43-7 

31.7 

54 

5*5 

14  5 

323 

_55 

32.1 

45-3 

32.9 

56 

32-7 

46.1 

3 3-5 

57 

333 

46.9 

341 

58 

33-8 

47.7 

34  7 

59 

34.4 

48.5 

35  3 

60 

35-0 

49-3 

35-9 

61 

35.6 

50.2 

364 

62 

36.1 

41.0 

370 

54-3  33-9  53-7  34-9  53-*  IS  6 51*  IS  8 52.4  3<S-7  S • .8  37 .6  64 

2±i  545  *±2  5—  £3^9  !^l!  ILi  IZJ  illi  Jj 

S6c  340  54.4  349  54  9 J6.7  S 4-7  36.9  54-*  37  9 53-4  38.8  66 

5<S  8 35-5  56.2  3<$  S 55-7  37  * 55  5 37-5  54-9  384  54-*  39  4 67 

S7-7  360  57  0 370  46.5  37-8  564  380  55.7  39.0  54°  40.0  68 

S8.S  3<S 6 57.9  37.6  57-4  38.3  57  * 386  46.5  39-6  SS-8  406  69 

S9A  37li  S*7  38^  S*^  38^  jSx  39^  47_3  4£_£  56^  4_[_>  «o 

60.1  376  495  38  7 49°  39.4  48.9  397  48.1  407  57-4  4«-7  71 

61.1  38.1  604  39.2  49-9  40.0  49*7  403  49.0  41.3  482  41.3  7X 

61.9  38.7  61.2  39.8  60.7  40.6  604  40.8  49-8  41.9  49-i  4*-9  73 

62.8  39.2  62.1  40.3  61.4  41.1  61.3  41.4  60.6  42.4  49-9  43  5 74 

63-6  39.7  629  408  6m  41.7  62.2  41  9 61.4  43  o 60.7  44  1 7j 

fi4  4 4°-3  (S3  7 4H  63-1  422  630  ^Ts  62.3  43.6  61.4  44-7  ~6 
65  3 4°-8  646  41.9  640  4*. 8 63  8 43.1  63.1  44-2  (S2.3  44.J  77 

661  41.3  64.4  41,5  fi4-9  43-3  64.7  43  6 63-9  44-7  63.1  45  8 78 

670  41.9  66.3  43  c 64  7 43  9 64  4 44.2  64.7  44.3  63.9  464  79 

67  8 42.4  67  1 43.6  66  3 44.4  66  3 44  7 64  4 49  9 64  7 47.0  80 

68.7  429  679  44.1  674  440  67.1  44.3  66.4  46,4  644  47.6  8, 

69.4  43.4  68  8 44.7  68.2  44.6  68.0  44.9  67.2  47-0  66  j 48.2  82 

70.4  44.0  69.6  45.2  69.0  46.1  68.8  46.4  68.0  47.6  67.1  48.8  83 

71.2  44.4  70.4  44.7  69.8  46.7  69.647.0  68  8 48.2  68.0  49.4  84 

7*-i  45  0 7*  3 46.3  707  +7_i  7° J 47-5  69JS  488  68J  500  84 

7*-9  +46  72.1  46.8  71.4  47-8  71.3  48-1  704  49  3 fi9.6  404 , 86 

73.8  46.1  73.0  47.4  72.3  48.3  72.1  48.6  7<  3 49-9  70.4  Si. I 87 

74-6  466  73.8  47.9  73.2  48.9  73049-2  72.1  S0.4  7I.J  417  88 

75  5 47.2  74-6  485  74-0  49  4 73-8  49  8 72.9  5i.o  7*.c  51.3  89 

76j  W 74J  49f  7+8  400  7+6  5-M  747  SJJ>  74_S  42^  90 

77-2  48.2  76.3  496  75-7  S°  6 74.4  40.9  74-5  52.2  73-6  43.4  91 

780  48.7  77.2  40.1  76.4  411  76.3  41-4  75-4  S».8  74  4 54  1 9* 

78.9  493  78.0  40.6  77-3  5 1<7  77- 1 520  76.2  53  3 75  2 S4.7  9, 

79-7  498  78.8  412  78.2  42.2  779  42.6  77  ° 53  9 76.0  ss.j  9 ^ 

806  40.3  79.7  41.7  790  42.8  78.8  43-1  77-8  54-5  55  8 99 

814  90.9  80.5  S*.3  79  8 53-3  796  5j  7 78  6 4S-I  77.7  36.4  96 

81.3  41.4  81.4  42.8  80.7  53-9  80.4  44-2  79-5  55  6 78.4  47.0  97 

83.1  41.9  82.2  43.4  81.4  54-4  81.2  44-8  80  3 56.2  79  3 57.6  98 

84.0  41.4  83.C  43.9  82.3  55°  82.1  434  81. 1 46.8  80.1  98.2  99 

84.8  4T0  83^  44J  8jj  54.6  82*  45^  8^9  5M  809  588  100 

Dep  Lat  Pep  Lat  Pep  Lat  Dtp  Lat  Pep  Lat  Pep  Lac 

Deg.  $7  Degls  Points  I ;6  Pegs  1 <;  Deg  |;4  Deg.  I 
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14  3 I2--S 
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Dept  Lar 


49 


2Ai 


10.7  119 

1 1 .4  u.6 

110  I J.J 

11.7  14- 1 

15.4  14.8 


156  14* 

i6.j  14.8 
»7-o  15.4 
17-8  ,6.1 

18.5  16.8 


44  Deg  I 4 Points.,  y 


Lit  [O  ep 


080  07  5 
08,8  Oil 
09.5  08.9 
10.1  09-5 
11.0  10.1 


11.7  109 

114  11.6 

ij.i  ii.} 

1 5-9  ‘3° 
146  136 


>9  3 17-5  19-° 

10.0  18.1  19.7 
107  1 8 8 10.5 
11*5  19-5  11.1 
11  1 10  I 11.9 


10  7 13.0 
114  137 
11.1  14 .5 
117  til 


m 


15  9 


16.7 

*7-4 

18.1 

18.9 

19.6 


30.4 

31.1 

31.8 

}i.6 

*1.3 


14  £ 

34-8 
-3S.6 
3<5  3 
37-0 


Dep  'LatlDcp ' Lar 


Dtp 


48  Deg  4 i Point!  47  D 


m 


041 

04.9 

OS-7 

064 

07.1 


07.8  07.8  11 

08  5 08.S  11 

09.1  09.1  1 3 

09.9  09.9  •+ 

10.6  106  £S 


II.)  11.3  *6 

11.0  no  *7 

11.7  117  18 

• 34 

14.1  « 


148  14.8  11 

15- 6  li.6|  11 

16- }  16.3 
170 

17-7 


18.4  184 

191  19-1 
(98  19-8 
to.  1 1 10.5  20.5 

lo.8  ill  11.1 


11.5  *1-9  119 
in  n.6  12.5 
11.9  i}-3  13.3 
136  *“ 

14  3 


25.0  1J-S  25  5 
IS  7 161  16.2 
264  l*-9  16.9 
17- 1 6 17  6 

17-8  18  3 18  3 


190 

19.7 

30.4 

3l.i 

318 


31-S  31.S 
3 3-»  33.1 
3 3-9  3}  9 

34 - 6  34 .6 

35- 4  35-4 


m 


43- 3  49-° 

44- o  49-8 
44**  50.5 

45- 3  5»-3 
45-9  S*-° 


46.6 


u l0^’1 


56- 3  S7-3 

57.0  58.0 

57- 7  5*-7 

58.4  59.4 

59.0  60.1 

59.7  60.8 

60.4  61.5 

61.1  62.1 

61.8  62.9 
**•5  63-6 

65.5163.2 

66.2  63.9 
64.6 
65.3 
66.0 


70.2  65.5  69.1  66.7 
70.9  66.2  69.8  67.4 
71.7  66.8  70.5  68,1 
72.4  67.5  71.2  68,8 
73.1  68.2  71.9  69.5 
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O |4«  Deg- 1 42  Deg-  Ui  Point)  4 3 Deg.  1 44  Deg.  I 4 Points  I U 


Lat  j Dep  Lat  1 Dep  Lat  ) Dep 


38.2  40-3 
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5+ 

45" 

02 

35  * 

55 

53 

04 

OS 

57 

53 

05 

35 

58 

20 

07 

J5  <5 

58 

10  z 

09 

45  J? 

s8 

33~ 

^5 

05  ^ 

59 

‘3  c- 

03 

3°£ 

59 

30*1 

°3 

°0^ 

59 

52s 

01 

3°  g 

57 

45  S' 

01 

20  CL. 

57 

24' 

01 

37’ 

56 

30 

02 

3b 

55 

57 

02 

59 

66 

23 

29 

3° 

6S 

48 

27 

30 

63 

37 

23 

*7 

*4 

co  2 

26 

J3^ 

6 : 
66 

CO 

27 

26 

*4  Ss 
*7  r 

66 

08 

24 

00  2 

67 

22  3- 

22 

44'-. 

66 

56  S. 

'3 

OO  c 

■ 64 

50- 

12 

10? 

64 

42 

12 

TO 

■&_ 

25 

2 

'7 

21 

06 

05 

Dublin 
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Places  Names. 


►3 

U-. 

O 

'S 

o 

u 

-G 

h 


-T3 

C 

cJ 

*T3 

C 


Dublin  

Wexford  ' 

Waterford 
Old  Head  of  Kingfale — I 
Cork 


Cape  Clear 

Cow  and  Calf  < 

Limrick  

Galway 

Sline-head  — — 
Londonderry  — 
Belfaft  — 


SC  £ 

Ci 

"a 
o c 

& js 

O 

JZ 

H 


Scaw  — — — 
Helighland— — 
Hambrough  - 

Embden 

The  Fly 

^ The  Texel 

‘ A mile  r d am  — 
Rotterdam  —— 

The  Brill 

Oftend  — 

Sluyce  — 

Calais — — — 


v 

■o 

5__: 

U,  bO 
U-  3 

o t; 
« 
n 
O 

O 

u 
-C 

H 


o 

eu 

•3  ■ 
C • 
<•  ■' 


Bulloign- 
Diep 


Cape  de  Hague,  < 

Cafkets  — 

Gucmfey  ■ ■-  t - 

Morlaix 

Ifle  Bafs  ■ 

Ufliant  • ■■■  " ■' 


Latitude 

Lon 

rjititde 

N. 

or  S. 

E.  orW. 

D. 

M. 

D. 

M. 

53 

12 

06 

56 

52 

*3 

°7 

25 

52 

07 

07 

52  g 

5i 

35  ‘z 

08 

55  n 

51 

49  5 

09 

30 » 

51 

10  3- 

10 

3°  ” 

5( 

52 

22  r 

SO 

21 

*T 

10 

09 

36  3 

JoW 

4k  «! 

53 

log. 

10 

°3| 

53 

20  I* 

ri 

*5  * 

5+ 

55 

08 

00 

54 

36 

06 

40 

57 

26 

to 

10 

54 

28 

08 

35 

53 

53 

53 

53 

41 Z 
05^ 

18s 

=T 

I5r 

10 

08 

05 

°5 

24 

50? 

35  £ 
090 

52 

21  » 

04 

59t» 

51 

55  H 

04 

25  c1 

5i 

56S- 

04 

06 

51 

12 

02 

57 

5i 

19 

°3 

50 

5° 

57 

02 

00 

5° 

45 

01 

3^ 

49 

S6o 

Qi 

CO  Sf 

49 

465- 

02 

c6^ 

49 

5°t- 

02 

26- 

49 

36  §. 

02 

4°r 

48 

37 

03 

5°<£ 

49 

00  p 

94 

0°  c 

48 

30- 

05 

05  Si 
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Places  Names. 


e J) 
3 

4-» 

-3 

5 

U 

u 

C 

(1 


O 

CS 

C3 

o 

U 

OJ 

-G 

h 


Brfft 

Penmarlc 
Bell-Ifle 
Nantz 


Iflarnl  Dieu 
Ifland  Ree  • 
Rochel  — 
Oleroon  — 
Bourdeaux- 
Bilboa  — — 


Cape  Pinas  — 
Cape  Ortegal— 
Cape  Finifterre 

Port  a Port  

Burlings- 


Rotfk  of  Lifbon 
Lilbon 


e 

o • 
U - 
.5  2 
^ -jo 
^ o 

Ig 

‘S 


Cape  St.  Vincent  — 
Cadiz 

.Cape  Trefalgar 

f Gibraltar  — — 

| Malaga  

| Cape  de  Gat  — 

j Cape  Paul  

| Alicant  — 

| Cape  Martin  — 

^ Tortofa  — — - 
Barcelona  •— 
Marfeilles— — — 

Toulon  

Gen;  a — 

Leghorn- 


~ B _ 

Civita  Vcchia- 


Latitude 

Longitude 

N. 

or  S. 

E.  or \V. 

'P 

M. 

D. 

M. 

48 

23 

04 

32 

47 

48 

04 

*5 

47 

20 

°3 

10 

47 

H 

01 

42 

+6 

36 

02 

15 

46 

13z 

01 

30  3 

46 

10  0 

01 

14  r> 

46 

00  4- 

00 

54  z 

44 

S°\r 

00 

28  b 

43 

3°  s. 

°3 

00(t|_ 

43 

4> 

5»  = 
02  S' 

ob 

°7 

00  S 
48  S' 

43 

10 

09 

40 

41 

16 

09 

20 

39 

39 

09 

20 

38 

54 

09 

40 

38 

42 

08 

53 

37 

00 

08 

52 

36 

33 

06 

C2 

36 

10 

05 

48 

36 

11 

°5 

03W 

3^ 

43 

°3 

50W 

36 

38  Z 

02 

otW 

37 

500 

0 0 

15 

38 

34  3- 

Oo 

10 

36 

4&ri 

Oo 

28  pi 

40 

54 

Oi 

10^ 

4i 

30 1 

02 

21  (-• 

43 

20  S' 

°5 

*9  § 

43 

06 

°5 

59^ 

44 

25 

08 

40  §_ 

43 

30 

10 

29 

42 

10 

V 

°3 

Rome 

Digitized  by  Google 


The  Sea  Coafls  on  the  Main  Continent  within  the  Straits 


302  A T* able  of  Latitude  and  Longitude . 


Places  Names. 


f Rome 

Naples 

Cape  Spartavanto 

Cape  Coilone 

Gallipoli- 


Cape  St.  Maria 

Ancona 

Venice  

Ragufa  — 

La  Valona  — — 
Lepanto  ■ ■ 

C.  Mata  pan 

C.  St.  Angelo — 


14* 

40 

38 

38 

40 

39 
143 
45 
42 
4° 
38 

36 


Cape  Colona  — — — 

37  40  0 

Athens  — 

38  005- 

CapeMartelo  S.  P.  of  ? 

38  o<5  C 

Negropont J 

Cape  Monte  Sanfto  — 

J rt 

40  25  S 

Gallipoli  

40  30  j» 

Conflantinople  - — 

t-I  co 

Smyrna 
Ephefus  — 
Antiochetta 
Scandaroon 
Antiochia — 

Tripoli >• 

Joppa 

Cairo 


Alexandria-—— 
Cape  Rufato  - 
Cape  Miferato 

T ripoli 

Cape  Bona 

l.Bona 


Latitude 
N.  or  S. 


).  M. 


54 

5* 

00 

56 

08 

56 

40 

25 

40 

56 

20 

35 

3* 


38 

37 

36 

36 

36 
34 
32 
30 

3* 

32 

32 

32 

37 
137 


30 

54 

30 

34 

it 

40 

32 

°5 

07 

53 

21 

55 
°5 
00 


Longitude! 
E.  or  W. 


D.  M, 


12  45 

*4  45 
16  58 

18  06 

*8  39 

19  00 
14  3° 

12  10 

20  00 

21  04 

22  15 

22  30 

23  40 

4 44  £ 

24  °9* 

25  45  § 

to 

25  «5'S 
27  20  s- 1 

29  00 ' 

27  27 

27  55 
32  47 
36  08 

36  25 

36  10 

36  00 
34  20 

30  20 
21  05 
16  23 

13  00 

10  00 
07  20 

Tunis 


Di 
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Places  Names. 


Tunis 
Algiers- 
Oran  — 


s-S  ( 

J-9  l 
is*  . \ 

H e 2 J 


£ S‘3  l Capede  Tres  fore  as  — 

/ Tetuan 

°§o/  Ceuta 

po-s  t Tangier 


C/3 

4> 

X 

w 

e 

'•§ 

«o 

•"3 

c 

-I 

c: 


Alboran  — — 
Formentura 
Yvica  < 


Majorca  City — — 
Port  Mahon  Minorca — 
Gallitta  — ■■ 


Sardinia  South  End 
Corfica  North  End 

Gorgon  

Capria  - 

Ellboa  -■  

Meflina  ■ — • 
Palermo  - - 

Maritimo 

Svracufe- 


Cape  Paflero 
Malta  — — 
Limofa  — — 
Limpadofa  - 
Sematto  — — 
Corfu- 


Cephalonia— 
Zant 


Lemnos 
Scio  — 


Latitude 
N.  or  S. 

Longitude 
E.  or  W. 

D. 

M. 

Q 

M. 

36 

5°  2: 

10 

16  n 

36 

45° 

03 

*5  33 

35 

46  3- 

00 

26 

35 

34  ST 

02 

04 

35 

28  g. 

05 

06  ^ 

35 

50  L 

04 

45 

35 

55  " 

05 

45 

36 

00 

02 

27W 

38 

34 

01 

31 

3« 

55 

01 

30 

39 

48 

02 

49 

40 

42 

04 

19 

37 

40 

09 

03 

38 

54 

09 

12 

42 

5^ 

09 

45 

43 

34 

09 

38 

43 

c6^ 

to 

»5? 

■42 

44  5. 

10 

4S- 

38 

12^ 

16 

25^ 

•38 

12 

‘3 

48^ 

38 

°4" 

12 

25" 

37 

°5g- 

>5 

55§- 

■36 

38- 

«5 

4o- 

35 

54 

*4 

34 

36 

08 

*3 

1 1 

■35 

34 

12 

4b 

35 

46 

*4 

15 

39 

45 

'20 

co 

-38 

*5 

21 

CO 

■37 

47 

21 

*4 

36 

52 

21 

32 

-39 

59 

25 

37 

-38 

20 

26 

.2 

Ne^ro 
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3°4 


Places  Names. 


Negropont — — 

CapeSt.  JohnW.  End 

ofCandy i 

Cape  Solomon,E. End  ) 
of  Candy  • J 

Rhodes  City 


Weft  End  of  Cyprus  — 
Eaft  End  of  Cyprus  — 


Cape  Spartel 
Salle 


Cape  Cantin  - 
Cape  de  Getr- 

Cape  Non 

Cape  Bajador- 
Cape  Olerado- 
Cape  Blanco  - 
Senegal- 


Cape  de  Verde 
River  Gambia  - 
Serralion  — — 
Cape  Monte  — 
Miferado 


River  Setter  — — 

Cape  Palmas 

River  St.  Andrew 

Jaque  Jaque  

Aft'ene 


Cape  Three  Points — * 

River  Volto 

River  Formofa 

Cape  Formofa  ■■ 

. New  Callabar— — 

l^Old  Callabar  — — • — 


Latitude 
N.  or  S. 


D.  M. 


38  36 

35  20  o 

D" 

35  00  r* 

36  40 
35  4°| 
35  35’ 


35 

33 

32 

30 

28 

26 

23 

20 

«5 

oi 

06 

06 

05 

04 

°5 

04 

04 

°4 

°5 

07 

04 

°4 

P4 


46 

43 

26 

24 

15 
12 

4r 

35 

28 

43  £ 

08? 

36  S’ 

23  r 

55 1 

28  G. 
18 
00 

16 

45 

28 

50 

00 

\2 

42 

l8 


Longitude 
E.  or  W. 

• 

O 

M. 

24 

°5 

W 

23 

57  £ 

27 

06  r 

3 

28 

CD 

OO  ~ 

32 

23  s- 

35 

08  * 

05 

55 

06 

3° 

09 

10 

to 

06 

11 

04 

»4 

3° 

«5 

W 

O 

17 

23£ 

16 

20  r 

>7 

050 

r5 

2 Odd 

12 

*si 

10 

45™ 

m 

35 

08 

13 

05 

mm 

03 

45 

45 

20 

or 

21 

°3 

20  pr 

27 

40  r 

Z2 

40  § 

08 

33^2. 

I09 

45  * 
River 
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3°5 


Places  Names. 


fSafmnns  River  - ■ 

j River  Camarones  

| River  de  Angre  , 

I Ifland  Cabos  — 

Lopas 


it 

i 

o 


^ River  Como 

Angola  

Cape  Negro  • 

f'* P ' r»t 


Cape  St.  Thomas  

Secos - - 


^Cape  Bona  Efperance— 


Corvo  ■ 
Flores 
Fyal 
Pico 


St.  George- 
Tercera  — 
St.  Michael 
, St.  Maries  — 


Ferro  -■ 

Palma  — 

Gomero  

Teneriff 

Madtira  Wcft-end- 

Porto  Sanflo — 

Canaria  


Latitude  Longitude 


Porterentura — 

• Lancerota  . . 


N.  orS. 


D.  M. 

id 

3 i°N 

10 

3 25  N 

10 

0 49N 

10 

0 40 

n V 

11 

0 55.0 

9 

5 45  5- 

15 

J S'r 

*5 

16  8 § 

12 

24  10  5 

>4 

28  56  «■ 

15 

34  6 ' 

j8 

39 

39 

33 

38 

3« 

38 

38 

37 

28 

28 

28 

28 

32 

32 

27 

28 

29 


54  71 
32 

535- 
40  r 
S2  “ 
57  § 
06  £ 
co’ 


00 
40  'z 
08  g 
20  u 
23  r 

58 1 
52  o 
4* 
2 


E.  orW. 


30 

30 

i8 

27 

26 

25 

23 

23 

17 

‘7 

*7 

16 

*7 


8 

10 

1 

36  J? 

30 

3‘S 

43S-I 

5&- 

35 

55  i 
54  n 

i6» 

20  £1 

°3fi 
34  «! 

36  S-l 
38' 


45 

36^ 
06  £] 

28  r 

26  gP 

15  - 5455 

15  10  C 

13  34  ? 

12  44 


Cape 
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Places  Names- 

Latitude 
N.  or  S. 



J 

Longitude 
E.  orW. 

D.  M. 

D.  M. 

f St.  Antonio 

| St.  Vincent 

,2-  1 St.  Lucia 

| ~ \ S t,  Nicholas 

’ "H  J Brava — 

• \Fuego>— — : 

■ « fjago- 

*2  f Ifle  of  Wav  -r 

8*  | Ifle  Sal 

^ * Bonavifta  — » 

; j*  f St.  Matthews 

j c l Afcenfion ; 

S J St.  Helena 

• c ■)  Fornandepo 

' 5 I Princes's  111  and  — * 

la  / St.  Thomas — 

| Jo  t Annabona  — 

""Cape  Ron  a Efperance — 
Cape  Lagullas  

• t River  St.  Lucia 

i ■ jr  Cape  Corientes 

o .§■  Mifambique 

: Cape  Falfo-  . . - ■ 

‘3  ^ T ongon 

S J Mombafo  — * 1 

j jg  „ \ Melinde — 

**  *2  f River  Lamas — — - — 

o.c  River  de  Fugor 

« ] Magadoxo 

o g,  . Cape  Baflos  — 

^ Cape  Guardafoy 

Cape  Rofulgat 
.Cape  Muca,  0r  Mufcat 

»7  35 
'7  I5Z 

*7  °7  S 
17  00  3- 

14  28  r 
*4  52=. 

15  08  c 

15  16 1» 

16  45 

16  05 

or  30  S 
07  40  S 
06  00  S 
02  50  N 

01  50  N 
00  00 — 

02  10  S 

34  06 

34  55 
28  25 

23  42 1 
15  oS 
09  06 1 

°4  50  s 
°3  55  g- 

03  00  * 

or  20 
00  00 

C2  21  N 

04  10  N 
11  50  N 

22  41 N 

23  36  N 

24  4° 

24  26 
24  20  ^ 
23  38 
23  54 1- 
23  3°  8 

22  5Cr2. 

22  1 2 H. 

22  04 « 
22  05 

06  11W 

i3  45^ 
06  04W 

10  40  E 
09  15  El 

08  20  E 
05  35  E 

18  35 
21  20 

32  15  M 
36  15  Sa 

41  I0« 

39  io|l 
39  7s- 

38  3°S- 

39  40  !* 

40  *3 

42  5 

44  50 
47  38  . 
51  20 

59  45 
57  40 

Buffer  a 
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*X3 

C 

►1 

1 

rj 

W 

43 


O 

x: 


<3 

fll 

o 

u 

o 

-c 


Places  Names. 


Buflera  - 
Gambaroon 

Surrat ... 

Goa 

Calecute  — 
Cochin  — ■ 

Cape  Comarine  • 


Latitude 
N or  S. 


D.  M. 


2 < 


Columba  in  Ze'oan  — 

Fort  St.  George  

Dew  Point 

Vifeirapatam 

Pondy , _ 

Cape  Palmiris 
Bailaforc  — 

Pipiy 


Bengal  * 

Cape  Negrais 

Malacca 

Formofa- 


Siam  Entrar  ce  - 

Cambodia  Entrance  

Cape  Avarilla  . — . — . 
Cochin,  or  Chinchen 
Canton  - 


Amoy  or  Quemoy  

Lampo 


Ifland  Chufan 
_Nanqun  — 


. o 
-c 


• b T3 
<n  C 

■o  “7 

Js 


29 
27 

21 

1 5 
1 1 

°9 

07 

°7 

*3 

•5 

17 

18 

20 

21 

21 

22 
16 
02 
01 

'3 

10 

‘3 

14 

23 

24 

30 
3° 
33 


5° 

30 

08 

32 

17 

58 

5® 

07 

oS 

59 

40  Zl 

45? 

45  3 

10 

25  b 
17  s 
23  s- 

11  * 


Longitude! 

E.  or  W. 

d.  m7~ 


55 

10 

30 

20 

os 

08 

35 

ro 

05 

J5 


49  os 

56  36 

72  25 

73  50 

75  3+ 

76  05 

78  15 

79  35 

80  42 

81  2e 

H °7  i_ 
85  20  p] 
83  00 
87  50 
87  58-!  | 

92  29  3 

93  25  r- 
102  10 


Madagafcar  or  1 S.  E*ft] 
St.  Lawrence  j N.Eafl 
St.  John  de  Lilbon  — 

Mayetta  — 

. Mohilla  

X 2 


25 
12 
2 5 
12 
12 


47  ¥■ 

10  rl 

24  « 

IO  c 
05  n" 


101  40 
101  or 
105  00 
108  03 
107  58 
1 13  08 
116  55 
120  25 
120  35 
120  05 

46  10 1 
50  50  sp| 

S3  3°bl 

45  45^ 
44  4*  r 

Co- 
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Places  Narfies. 

Latitude  i 
N.  or  S.  1 

rofieitude 
i.  or  W. 

I 

3.  M.  1 

M. 

r 

Comero 

St.  Juan  de  Nova 

11  50 

‘7  30^ 
20  05  0 
IQ  4S  - 

43  44 
43  °5 
52  55 
01  35 

67  1 6 

: 74  24 
64  30 

68  25 
52  39 
68  44 

Mauritius 

Diegoroes  _ 

Romiras  deCafte  Limos 

*7  ‘tj  jr 

29  co  r 

38  5©S 
16  -.38? 
08  42  g- 

O?  AQ 

Amfterdam  

St.  Brandon  — 

Diet^o  vjiatioia 

Quabella 

Baffos  de  Chagos  

T7 

06  45 

Yas  de  Diego  Roys 

. t N.  End  — 
Maldivia  j..g  £nd  _ 

00  10 

07  15 

00  40 
09  OO  z 
12  21  % 

72  05 

73  °5 
76  J5tT-. 

; 73  °5% 
54  °7  c- 

Maliquc  — — - 

vS 

1 

/ 

rs  < 

W 

<D 

JC 

Saccatra 

12  OO3" 

53  °3§ 

Abaeieur  — ^ 

C.  Gallo  in  Zeloan  — 

wBm 

80  45°2. 
1 52  3°  i. 

Andaman  the  middle  — 

a 40  i- 
7 °s* 

5 28 
2 22 

93  *9  f* 
93  45 

c 

cA 

.-O 

Nicobar 

Sumatra  N.W.  End  — 

94  45 
i 95  °7 

c 

2 54 

3 50 

5 22  0 

J O 

5 50  = 

8 20 » 

s 

104  00 

C 

HH 

iNaiiau  luana — ■ — 

Bcncola  — 

Sumatra  S.E-  End 

5 105  14 

JOI  53 

Engano  — 

102  13 

oeiam  — 

Princes  Ifland« 

. 6 30 1; 

" 104  02 

- 6 1 1 s 

• 105  55 

ijiiiitani  in  j ivs 

6 16  g 

. 106  37 

8 3S? 

1 13  37 

6 02 

105  38 

- 3 25 

106  57 

^ r 

Borneo 
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A 7* able  of  Latitude  and  Longitude.  309 


Places  Names. 


Borneo  S*  Point  - 
dar.dv  Hies 


( ivortti  t 
Mindano  W.  Poii 
Borneo  N.  Point 

Luconia  j p° 


^ a • S W.  Point 

I Ayn,ani  E.  Point 

S.  ~ 


Formofa 


Pifcadorelfles— 
Iflands  Chufan 

JaPan  islw! 


f Cape  St.  Sebaftian 
Cape  Sc.  Lucas  — 
Cape  Corientes  — 
Aq  lapulco  ..1 

Aquatulco — 

Guatimala 

Panama 


Bay  Bonaventuro 


^ Cape  del  Ajugo 

' Lima  

Arica  — — . 


La  Sarena 

Ifland  JuanFernando- 
Baldivia  — — . 


Port  Stevens  — 
Cape  Vidtory- 
Cape  Horn  — 


Latitude 

Longitude 

N. 

or  S. 

E.  or  W. 

Q. 

m7~ 

D. 

M. 

- + 

04  ? 

112 

52 

- 4 

55  r 

127 

17 

- 5 

40  r 

1 19 

°7 

“ 1 

40 

121 

00 

- 6 

40 

*19 

35  3 

• 7 

10 

112 

55  £ 

- >3 
t 18 

3°  x 
55  S 

120 

119 

10  _ 
45  § 

- '9 

3°  3" 

107 

6w 

- 19 
22 

55  t“ 

u 

00  r. 

109 

119 

56  S 
560 

- 25 

32  i. 

r 20 

45 

-23 

30  P 

118 

35 

- 30 

28 

121 

i5 

- 35 

30 

140 

30 

* 35 

00 

128 

30 

-42 

45 

127 

55 

23 

20  z 

in 

46 

* 19 

40  0 

1 10 

30 

'7 

00  5- 

104 

18 

15 

27  r~ 

101 

3 < 

14 

25?. 

97 

O ** 
„ PP 

8 

5°  c- 

81 

i8r 

3 

iS  « 

73 

06  § 

0 

0 

90 

io™. 

6 

38 

83 

5°  \ 

12 

3°  Sf 

77 

20  • 

18 

*7  §. 

73 

10 

29 

00  _ 

76 

32 

33 

20  « 

85 

48 

39 

35  f 

81 

20 

49 

5°^ 

82 

36 

S2 

05' 

83 

10 

57 

34 

79 

55 

Digitized  by  Google 


3io 


A ’table  of  Latitude  and  Longitude, 


Places  Names. 


Latitude  Longitude 
N.  or  S.  E.  or  W. 


D.  M.  D.  M. 


j,  ('Magellan  E.  Entrance 

ir  River  Julian 

O Cape  Blanco  ncarRiv.  1 

£ Camarones J 

<i:  H Buenos  Ayres  R.  Plata 

g §■  River  Grand  

’5  0^  St.  Catherines  ■■■■■  ■■■ 

£ a.  CapeFrio 

U “x  Spirito  Sanfto  

^ o P.  Segura 

IZ  c BayTodos  San&os  — 

n o.  River  St.  Francifco  — 

jp®  Cape  St.  Auguftine  — 

i*.  Cape  Roque  ; 

Triftian  de  Cunha 

^ rinidada — — 

^ ("River  Amazones  Ent. 

j®  S North  Cape 

c *g  Suranam  — 

'« Oronoque  ■ 

5 *5;  j C.  Coquipaco 

_c  J Carthagena  — -■ 

d v j Scots  Settlement  . v, 

° ”5  I Nicaraque  Entrance  — 1 1 


Cape  Catoche  < 
Camphecha  — 
La  Vera  Cruz  < 
Cape  Florida  — 


72  10 

58  03 

51  5°  2- 

48  50  1 

42  26  o 

42  cm 
40  30 1 
40  30  j> 
37  46 
35  *8 
35  42 
13  20 
30  o 


49  20 
49  25 
55  35  . 
59  25  5 
. ..  7°  40» 
28  =■  75  20  r 

30  r 78  4s 
25  |-  84  5™ 

10  a.  86  15 
30  •"  92  5 

ro  97  55 
58  80  35 


Bahama  Iflands  The  Caribbee  Iflands. 


A Table  of  Latitude  and  Longitude.  3 1 1 


Places  Names. 

Latitude 
N.  or  S. 

Longitude 
E.  or  W. 

D. 

M. 

D. 

M. 

10 

34 

60 

25 

T obago  — ■ 

1 1 

10 

59 

10 

Granada — 

1 1 

57 

60 

20 

Barbadoes  - 

(2 

58 

58 

50 

St.  Vincent 

'3 

10 

60 

10 

'3 

56 

60 

07 

'4 

48 

60 

55 

tS 

2S 

60 

27 

Marigalante 

•5 

58 

60 

20 

Guardalupe 

16 

10 

61 

>5 

Monfcrat  ■ ■ 

16 

45  Z 

62 

*5  ^ 

Antigua 

«7 

5 3 

6t 

44S= 

Nevii 

'7 

■6* 

62 

32~ 

St.  Chriftophers 

«7 

20  r 

62 

38  g 

Barbuda  

17 

53  ? 

60 

42^. 

St.  Bartholomew  — — 

'7 

54 

62 

s£ 

Sti  Martins 

18 

5 ' ■ 

62 

9 £*• 

Anguilla  — — 

18 

16 

62 

:»5 

Virgins 

18 

28 

63 

25 

St.  Cruz  

l7 

48 

63 

25 

Bieque 

18 

0 

63 

15  » 

Port  Rico  St.  John’s  — 

18 

33 

6S 

3° 

St.  Domingo  Hifpan. — 

18 

25 

69 

3° 

Port  Royal  Jamaica  — 

*7 

40 

76 

33 

Eaft  End  of  Cuba  - 

20 

20 

74 

05  . 

Havana  

22 

40 

82 

50 

Bay  Hondy  — — 

22 

45 

8.3 

40  1 

LCape  St.  Antonia 

21 

5° 

85 

42  ; 

32 

25  z 

63 

4°  3 

Bahama  Bank  N.  point 

27 

5°  s- 

78 

45  2, 

Bahama  Iflands  

26 

45  S’ 

79 

08  Cl 

^ Abacco  S.  point 

26 

00 1~ 

77 

01  g 

Harbour Ifland  

25 

40  c 

76 

45' 'B. 

Androfs  N.  point 

25 

J5&. 

79 

°§. 

^Providence — — 

25 

0 £* 

77 

152 
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A Table  of  Latitude  and  Longitude. 


Places  Names. 


'Illuthera  S.  point  

Cat  Iflanrl 

Watling  Ifland  

Rum  Key 

Exuma 

Crooked  Ifle  N.  point 

Atkins  Key  — 

Morapervouz 

Atwoods  Key 

French  Keys  

Mayaguana 

Hog  ftyes 

Hyneago  W.  End 

Caicos  BankN.  point 

Turks  Ifland 

Abrolho  N.  point  21 

^Piatc  rack  — 20 

'"Charles  Town  upon  1 
Aftily  River  — — J 

Cape  Hatteras  

Cape  Henry 

Cape  Charles 

Cape  Hinlopen  

Long  Jfland  

y New  York ; 

Cape  Cod— 

j Boflon 

Cape  Sable  — — 

Ifland  Sable ; 

■ Cape  Britain  — 

Quebeck  

Bay  of  Breft- — 

Bell  Ifland  • 

k * — 


Longitude 
E.  or  W. 

D. 

M. 

75 

52 

75 

10 

74 

40 

74 

55 

75 

57 

74 

JO  «£ 

74 

05  n 

74 

. _ r? 

4°  — 

73 

30  2 

73 

3502. 

72 

50  E 

73 

50  « 

73 

20 

7i 

55 

70 

8 

69 

68 

20 

00 

50 

74 

20 

75 

30 

44 

20 

59 

5 

46 

10 

58 

25 

47 

00 

69 

50 

52 

10 

56 

57 

S2 

5 

55 

30 

Coalt  of  Carolina,  Virgi- 
The  Coaft  of  HudfonVBay  and  Straits.  nia,Maryland,  Penfilva- 

nia,  New-England,  &c. 


A 'Talk  of  Latitude  and  Longitude.  3 1 3 


Places  Names. 


C Cape  St.  John 
Cape  Bonavifia 
Trinity  Bay 


Conception  Bay- 


Bay  of  Bulls  — — 
Cape  Race—- 

Cape  St.  Mary  

Placentia 

Cape  Roy  ■ 


Buttons  Me  — 

C.  Charles 

C.  Walfmgham 
Mansfield  Me  — 
C.  Jones  — 
Ruperts  River  — 
Albany  River — 
The  Cubbs 


^ C.  Henrietta  Maria- 
Port  Nelfo- 


C.  Churchill  — 
C.  Southampton- 
Shark  Point  


Nottingham  lfle- 


Refolution  Me  — 
^_Cape  Farewell  — 


Latitude 

Longitude 

N. 

or  S. 

E.  orW. 

D. 

M. 

D. 

M. 

»9 

52 

45 

49 

I2Z 

52 

48 

47? 

52 

*5  r5 

48 

133- 

52 

10 

.48 

00  f- 

51 

35  r 

47 

50 

5i 

2b£ 

46 

40  C 

5i 

52  S 

47 

10  0 

53 

20  g- 

47 

47 

53 

58' 

48 

01 

57 

35 

60 

25 

66 

30 

62 

05 

75 

3° 

62 

35 

77 

5° 

61 

42 

80 

3° 

55 

1 7 

79 

3? 

5* 

26  0 

79 

52 

32S- 

84 

47^ 

54 

>5H 

82 

40  r 

55 

5?. 

84 

22<3 

57 

59 

si. 

On 

93 

95 

57  ~ 

20  eu 

61 

57 

86 

48* 

64 

2Z 

82 

55 

63 

38 

79 

47 

63 

42 

74 

47 

6r 

55 

65 

10 

59 

40 

46 

45 

Sound 
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the  Northern  files. 


A fable  of  Latitude  and  Longitude: 


Places  Names. 


"Sound  Royal  ■■ ..  — 

Bargazar  Point  — 

Whales  Back ■ 

Merchants  Foreland  t 

Hallit'ord  — 

Fair  Foi  eland 

Grims  Ifland 

Weftmania  Ifles-—— 

Feio  Ifles 

Beercnberg,  < r John 

Mayn’s  Ifles  

Point  Lookout  — — 

Horn  Sound 

V air  Foreland 

Hacluits  Headland — 

Helies  Sound 

Lees  Foreland  

S Whales  Head 

Hope Ifland  

Cherry  or  Bear  Ifle  - 
Admiralty  Ifland  — 
Fretum  Burrough  — 
Cape  Candenole  — 

Catfriofe.' 

Archangel  bar 

Crofs  Ifland  

Sweetnofe  - — 

Kilduyn 

North  Cape 

Surroy 

Tromfound 

LeefortSW.  point  — 

Dronten 

Stadland 

Nonh-bergen  

^Naze  of  Norway  — 


22  2+  33 

20  1 6 35  i 

27  20  35 

25  1 7 5 ' 

20  34  43 

10  26  25 

15  22  35 

35  22  5° 

b 50 

4 5 4 3° 


30  IS 

43  >3 

j8  10 

55?  11 
55  S 21 

5!123 

21 

18 1 23 
35^- 

5'"  55 
58  6x 

07  42 

43  35 

30  40 

3'  36 

8 34 

30  3i 
25  23 


40  10 

10  4 


35 

14 

.30  ’■ ; 

£ ! 
42 
20 


40  . 
o ’ 

45  - 

40 

38 1 

40 

42 

Maer-. 


The  Sea-Coaft  in  the  Sound  and  Baltick  Sea. 


A T able  of  Latitude  and  Longitude , 


3*5 


1 

Places  Names. 

Latitude 
N.  or  S. 

D.  M. 

'Macrden  ■ 

58  19 

Larwick — 

58  54 

Chriftiana  — 

59  40 

Maefterland  

57  58 

Gottenberg  — — — 

57  43 

Elfineur  

56  20 

Copenhagen— 

55  44 

Valllerborn  ■ — 

55  28  2 

Kalmcr  — ■ 1 ■ " 

56  40° 

Stockholm 

59  20  5- 

Wyburg 

6°  55  r 

Pcterfljurg  — — — 

60  00  -■ 

Narve ■ — 

59  08  a. 

Revel 

59  " 

Riga 

56  59 

Derwinda 

57  10 

Conninglberg  — — — 

54  40 

Dantzick 

54  22 

Wifbuy  in  Gotland  — 

57  37 

Bornholm 

55  *7 

Strael  found  — 

54  25 

Lubeck 

54  05 

Anout,  or  Anholt 

56  42 

Lefow — 

57  6 

^Scaw 

57  3° 

Longitude 
E.  or  W. 

D.  M. 


9 

9 

9 


11 

12 
12 
12 
12 
)6 

*9 

29 

3° 

28 

24 

2+ 

22 

20 

18 

18 

*4 

*3 

11 

11 

10 

10 


5 

20 

55 

45 

>5 

4* 

45 


55  W 
40  » 

25  r 

26 

2 o' 


44 

55 

56 
10 
40 
40 
40 

53 

20 


18 

40 

3? 
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A TABLE  of  the  Sun’s  Right  Afcenfion. 


Ja 

- 

n. 

H. 

M. 

18 

5° 

18 

5+ 

18 

»9 

2 

'9 

7 

'9 

1 1 

•9 

16 

'9 

20 

*9 

24 

*9 

29 

«9 

33 

i9 

3« 

«9 

42 

r9 

46 

»9 

5*« 

»9 

55 

20 

00 

20 

4 

20 

8 

20 

1 2 

20 

16 

20 

20 

20 

25 

20 

29 

20 

33 

20 

37 

20 

4* 

20 

45 

Feb. 

March 

April 

May 

Jane 

H. 

M. 

H. 

M. 

H. 

M 

H. 

M. 

H. 

M. 

21 

02 

22 

S' 

O 

44 

2 

36 

4 

38 

21 

6 

22 

54 

O 

48 

2 

40 

4 

42 

21 

10 

22 

58 

0 

51 

2 

44 

4 

46 

21 

>4 

*3 

02 

0 

55 

2 

48 

4 

5° 

21 

>8 

2? 

5 

O 

59 

2 

5« 

4 

54 

21 

22 

23 

9 

1 

3 

2 

55 

4 

58 

2 I 

26 

23 

>3 

I 

6 

2 

59 

5 

2 

21 

30 

23 

l6 

l 

10 

3 

3 

5 

6 

21 

34 

23 

20 

1 

14 

3 

7 

5 

1 1 

21 

38 

23 

24 

) 

*7 

3 

10 

5 

»5 

21 

42 

23 

28 

1 

21 

3 

'4 

5 

>9 

21 

46 

23 

3 1 

I 

25 

3 

18 

5 

23 

2 1 

50 

23 

35 

I 

29 

3 

22 

5 

27 

21 

54 

z3 

39 

I 

33 

3 

26 

5 

32 

21 

5« 

*3 

42 

I 

36 

3 

3o 

5 

3^ 

22 

02 

23 

46 

1 

40 

3 

34 

5 

40 

22 

5 

23 

50 

1 

44 

3 

38 

5 

44 

22 

9 

23 

53 

I 

47 

3 

42 

S 

48 

22 

•3 

23 

57 

I 

5> 

3 

46 

5 

52 

22 

'7 

O 

1 

1 

54 

3 

So 

5* 

S6 

22 

21 

O 

4 

I 

58 

3 

54 

6 

1 

22 

24 

0 

8 

2 

2 

3 

58 

6 

5 

22 

28 

c 

1 1 

2 

6 

4 

2 

6 

9 

22 

32 

0 

•5 

2 

IO 

4 

6 

6 

>3 

22 

36 

0 

*9 

2 

>3 

4 

lo 

6 

>7 

22 

40 

0 

22 

2 

'7 

4 

>4 

6 

22 

22 

43 

0 

26 

2 

21 

4 

18 

6 

26 

22 

47 

0 

29 

2 

2 5 

4 

22 

6 

3° 

0 

33 

2 

29 

4 

26 

6 

34 

0 

37 

2 

32 

4 

30 

6 

38 

0 

40 

4 

34 
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A TABLE  of  the  Sun’s  Right  Afcenfion.* 

• u ■* 


5*8 

July 

Auguft 

Sept. 

Oft. 

Nov. 

Dec. 

H.  M. 

H.  M. 

H.  M. 

H.  M. 

a.  m. 

H.  M. 

i 

6 42 

8 47 

10  43 

12  31 

14  28 

16  32 

2 

6 46 

8 5« 

10  46 

12  3s 

14  32 

16  36 

3 

6 51 

8 55 

10  50 

12  38 

14  36 

16  40 

4 

6 55 

8 59 

10  54 

■ 2 42 

>4  39 

16  45 

5 

6 j9 

9 

3 

10  57 

12  46 

14  43 

.6  49 

6 

7 

3 

9 

7 

1 1 1 

12  49 

«4  47 

16  54 

7 

7 

7 

9 " 

M 5 

'*  53 

14  5 1 

1 6 58 

8 

7 >• 

9 

*4 

n 8 

12  57 

>4 

17  * 

9 

7 

•5 

9 18 

11  12 

>3 

1 

'4  59 

'7 

7| 

10 

7 

'9 

9 22 

11  15 

•3 

4 

>5 

3 

.7  1. 

n 

7 

23 

9 26 

1 I I9 

'3 

8 

•5 

7 

'7 

•5 

12 

7 

27 

9 *9 

1 1 2; 

'3 

1 2 

•5  •« 

17  sol 

*3 

7 

3> 

9 

33 

1 1 26 

>3 

•5 

>5 

‘5 

*7 

24> 

»4 

7 3° 

9 37 

" 3° 

•3 

•9 

* 5 

•9 

»7 

29i 

>5 

7 4° 

9 40 

" 33 

13  22 

15  24 

‘7  33 

16 

7 44 

9 44 

it  37 

1 3 26 

1 5 28 

17  38| 

*7 

7 48 

9 4« 

11  41 

13  30 

1 5 

32 

1 7 42j 

i 8 

7 52 

9 5i 

11  44 

'3 

34 

15  36 

•7  47} 

•9 

7 S6 

9 55 

1 1 48 

13  38 

15  40 

'7  5 1 ] 

20 

8 

O 

9 59 

11  51 

«3  4' 

‘5  45 

'7 

551 

21 

8 

4 

10 

3 

" 55 

»3  45 

•s 

49 

•7 

59 

22 

8 

8 

10 

7 

11  59 

'3  49 

*5 

53 

18 

♦ 

23 

8 12 

10  lo 

! 2 2 

'3 

53 

'5  57 

18 

9 

24 

8 

16 

10  14 

12-6 

«3 

57 

16  2 

.8  15 

2S 

8 20 

10  1 7 

12  9 

'4 

O 

16 

6 

18 

.8 

26 

8 24 

10  21 

12  13 

«4 

4 

16  11 

l8  22 

27 

8 

28 

10  25 

12  17 

'4 

8 

16  15 

18  27 

28 

8 32 

io  28 

1 2 20 

14  12 

16  19 

18  31 

29 

8 3S 

10  32 

1 2 24 

14  16 

16  2 1 

>8  35 

3° 

3' 

' 

8 39 
8 43 

10  36 

10  39 

12  27 

14  20 

14  24 

16  28 

1 8 40 

18  44 

A 
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A TABLE  of  the  Declination,  Ripht-Afcenfion,  and 
Magnitude  of  the  Principal  fixed  Stars. 


Names  of  the  Stars. 


[Pegalus’s  lower  Wing 

Pole  Star 

Girdle  of  Andromeda  • 
Achernar  —— — — — 
Bright  *of  T 


Medufaes  Head  — 

Perfeus  Right  Side 

Brighteft  of  7 * ’s  

Bull’s  Eye  Aldebaran 

Goat  Capella  

Orion’s  Left  Foot— 

Orion’s  Left  Shoulder 

Middle  Star  in  Orion’s  Belt- 
Orion’s  Right  Shoulder  — 

Waggoner 

Syrius  the  GieatDog 

Callor 


Procyon  the  Little  Dog — 

Pollux 


South  Foot,  or  Claw  of  the  Crab — 

Hydraes  Heart  * 

Southern  in  the  Lyon’s  Neck  

Lyon’s  Heart ; — 

Upper  Pointer  ■ ... 

Lyon’s  Tail  — ■ ■— 

Virgin’s  Girdle  7——  ■ 

Virgin’s  Spike  • ■ — ■ 

Arfiturus  — ■ 

South  Balance-  1 ■ - — ■ 

North  Ballance- 


Scorpion’s  Heart 

Head  of  Ophiucus  — 
Brightell  iq  the  Harp 

V ulture’s  Heart  

Swan’s  Tail  ■— 

Pegafus’s  Mouth  — 

Fomelhaut 

Marchab  — a 


s 

0* 

Right 

1. 

Afcen. 

c 

a. 

n 

H. 

M. 

2 

0 

1 

2 

0 

45 

2 

0 

56 

I 

1 

28 

2 

, 1 

54 

2 

It 

5 2 

2 

3 

07 

3 

3 

33 

1 

4 

22 

1 

4 

59 

1 

5 

53 

2 

5 

12 

3 

5 

24 

2 
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The  Vfe  of  the  Table  of  Fixed-Star’s,  and  Sun’s 
Right  Afcenfion. 

FIRST,  Suppofe  you  fee  a Star  upon  the  Me- 
ridian, and  know  not  what  Star  it  is,  fee  for 
the  Sun’s  Right  Afcenfion  the  Day  propofed,  and 
to  that  add  the  Hour  of  the  Night  when  the  Star 
is  upon  the  Meridian,  catting  away  24,  if  it  ex- 
ceeds v and  for  that  Sum  look  in  the  Table  of 
Fixed  Stars,  under  [Right  Afcenfion,]  and  the 
Star  againtt  which  it  (lands  is  the  Star  that  you 
(aw  upon  the  Meridian. 

Example.  January  it,  and  at  it  at  Nighr,  I fee 
2 Star  upon  the  Meridian,  which  I fuppofe  to  be  of 
the  Firft  Magnitude,  viz.  one  of  the  biggeft  of 
the  Fixed  Stars ; I find  the  Sun’s  Right  Afcenfion 
that  Day  19  : 33,  to  which  add  the  Hour  of  the 
Night  it,  the  Sum  is  30:  33,  but  catting  away 
24,  there  refts  6:  33,  which  I look  for  in  the 
Table  of  Fixed  Stars,  under  [Right  Afcenfion} 
and  find  rt  to  (land  againtt  Syriusy  the  Great  Dog , 
fo  I know  it  is  the  Great  Dog  that  I faw  upon  the 
Meridian,  which  is  a Star  of  the  Firft  Magnitude; 
and  fo  in  others. 

But  if  you  know  a Star,  and  defire  to  know  what 
Time  it  will  be  upon  the  Meridian,  fubtra£t  the 
Right  Afcenfion  of  the  Sun  that  Day  from  the 
Right  Afcenfion  of  the  Star  mentioned  in  the 
Table  (borrowing  24,  if  need  be)  the  Remainder 
is  the  Time  of  the  Star’s  coming  to  the  Meridian. 
Example ; I defire  to  know  what  Time  the  Great 
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Dog  comes  to  South  February  the  1 2th  ; the  Sun's 
Right  Afcenfion  that  Day  is  21  5 46,  which  fub- 
tratted  from  06  : 35  the  Right  Afcenfion  of  the 
Great  Dog  added  to  24,  btcaufe  it  cannot  be  done 
©therwife,  the  Remainder  8 : 49  is  the  Hour  of 
the  Night  that  the  Great  Dog  comes  to  the  South. 

Again,  if  you  fee  a known  Star  upon  the  Me- 
ridian, and  defire  theicby  to  know  the  Time  of 
the  Night,  you  may  prefently  know  what  Hour  it 
is  by  the  abovefaid  Rule ; and  in  common  Cafes, 
if  you  know  the  Time  of  a known  Star’s  coming 
to  the  Meridian,  you  may  nearly  compute  it,  by 
allowing  4 Minutes  to  every  Day.  Example , ( 
have  found  as  above,  that  the  Great  Dog  Souths 
February  the  12th,  at  49  Minutes  paft  8 at  Night  ; 
and  feeing  the  fame  Star  upon  the  Meridian  Feb- 
ruary the  20th,  I defire  to  know  the  Hour  of  the 
Night ; now  from  February  12.  to  February  20,  is 
8 Days,  and  allowing  4 Minutes  a Day,  the  amount 
is  32  Minutes,  which  fubtrafted  from  8 Hours  49 
Minutes,  leaves  the  Time  of  the  Great-Dog's 
Southing  February  the  20th.  This  Allowance  of 
4 Minutes  a Day  may  ferve  for  common  Ufe,  but 
if  you  would  be  exaft,  work  by  the  preceding 
Rules. 

In  the  laft  Column  of  the  Table,  you  have  the 
Declination  of  the  Fixed  Stars,  which  is  of  Ufe  in 
taking  an  Obfervation  ■,  of  which  fee  more  in 
Chapter  VII.  Section  IV.  of  this  Treatife. 

The  Magnitude  is  of  Ufe  to  know  the  Eignefs 
of  a Star ; thofe  of  the  lirft  Magnitude  being  the 
biggeft ; the  fixth  the  leaft,  and  the  reft  of  Big- 
nefs  proportionable  to  their  Magnitudes  exprelVd 
in  the  Table. 


Chap. 
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CHAP.  IX. 

Containing  feveral  entertaining  and  ufeful 

Q^u  e s t i o n s. 


Sect.  I.  Of  Currents. 

IN  failing  in  a Current,  it  is  evident  that  a Ship 
doth  not  make  her  Way  good  according  to  the  Courle 
fteered  by  the  Compals,  and  the  Diftance  run  by 
the  Log,  becaufe  at  the  fame  Time  being  privately  car- 
ried by  a Current,  her  true  Courfe  and  Diftance  is  com- 
pounded of  the  Courfe,  and  Diftance  failed,  and  of  the 
Direction  and  Motion  of  the  Current,  therefore  where 
both  thefe  are  given,  you  muft  firft  lay  down  the  Courfe 
and  Diftance  failed,  and  then  the  Courfe  and  Motion  of 
the  Current ; to  this  laft  Spot  thus  found,  draw  a Line 
from  the  Place  failed  from,  the  fame  will  fhew  the  true 
Courfe  and  Diftance  made  good,  as  in  the  firft  Cafe  fol- 
lowing: A Ship  fails  S.  E.  too  Miles  from  C to  A,  and 
a Current  fets  in  the  fame  Time  Weft  30  Miles  ^ 
now  if  there  was  no  Current,  the  true  Courfe  and  Dii- 
tance  of  the  Ship  would  be  reprefented  by  the  Line 
CA,  and  the  Point  A fhould  reprefent  the  Place  failed 
to,  but  becaufe  a Current  fets  Weft  30  Miles  in  the 
fame  Time,  1 fet  off  30  Miles  W.  from  A to  D,  anj^the 
Point  D reprefents  the  Place  failed  to,  and  the  Line 
C D is  the  true  Courfe  and  Diftance  made  good  ; and 
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mand  what  is  the  true  Courfe  and  Diftance  made  good 
in  that  24  Hours  Time.  With  the  Courfe  South  Eaft, 
and  Diftance  100  lay  it  down  as  in  Plane  Sailing  Geo- 
metrical, and  then  it  will  appear  as  in  the  Tri- 
angle ABC,  that  the  Ship  Ihould  be  at  A;  Fig.  66. 
but  becaufe  the  Current  fets  30  Miles  Weft  in 
the  fame  Time,  fet  off  30  Miles  from  A to  D,  becaufe 
from  A to  D is  Weft-,  then  is  the  true  Place  of  the 
Ship  at  D •,  therefore  draw  the  Line  C D,  then  is  the 
Triangle  CBD  the  true  Projection  of  the  Qucftion,  with 
Allowance  for  the  Current,  in  which  Angle  BCD 
29.56  is  the  true  Courfe  made  good,  the  Hypothenufe 
CD  81.6  the  Diftance,  the  Leg  CB  70.7  is  the  Diffe- 
rence of  Latitude,  and  B D 40.7  is  the  Departure,  as 
may  be  found  by  meafuring  them  Geometrically. 

Arithmetical  Calculation. 

By  Cafe  the  firft  of  Plane  Sailing 


As  Radius  

- 90 

0 — 

— 10.00000 

To  the  Diftance  

100 

0 — 

— 2.00000 

So  Sine  Comp.  Courfe  - 

- 45 

0 — 

— 9.84948 

To  the  Difference  of  Latitude  70 

7 — 

— 1.84948 

The  Departure  is  all'o  70.7  equal  to  the  Difference  of 
Latitude,  becaufe  the  Courfe  is  South  Eaft,  viz.  at  an 
Angle  of  45  Degrees. 

But  becaufe  the  Current  hath  fet  her  30  Miles  Weft 
in  the  fame  Time,  therefore  fubtraft  30  from  the  Depar- 
ture found  70.7  there  remains  40.7,  the  true  Departure 
with  Allowance  for  the  Current. 

Then  you  have  the  true  Difference  of  Latitude  and 
Departure  given  to  find  her  Courfe  and  Diftance,  by  Cafe 
the  Sixth  of  Plane  Sailing. 

As  Difference  of  Latitude  70 

•To  Radius  90 

So  true  Departure  40 

To  Tangent  of  the  Courfe  29 


7 1.84948 

o 10.00000 

7 1-60959 


56  — — 9.7601 1 

> Then 
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*£ ben  for  the  Difiance. 


As  Sine  of  the  Courfe  — — 29  56 

To  the  Departure  4°  7 

So  is  Radius  — 9°  0 


9.69809 

1.60959 

10.00000 


To  the  Diftance  made  good  8t  6 


1.91150 


Or  the  Diftance  may  be  found  thus,  by  Cafe'  the  fourth 
of  Oblique  Plane  Triangles. 

In  the  Oblique  Triangle  ACD  there  is  given  the 
Side  AC  100,  and  the  Side  AD  30,  and  the  Angle  be- 
tween them  45  Degrees : Then  by  Cafe  the  fourth  of 
Oblique  Plane  Triangles. 


As  the  Stirri  Of  the  Sides  - — i 130  — 

To  the  Difference  of  the  Sides  70  — — 

So  the  Tang,  of  half  the  Sum  7 g,  __ 
of  the  unknown  Angles  S / 6 


Co.  An 
7.88606 
1.84509 

10.38277 


To  the  Tang;  of  half  their  Diff.  52.26  — 1 o.  1 1 392 


Hence  the  Angle  ADC  is  119.56,  and  the  Angle 
ACD  is  15.4. 

Then  for  the  Side  CDj  which  is  the  true  Diftance 
Inade  good* 


As  Sine  of  ACD  *5^.  4™.  Co.Ar.  0.58513 

To  the  Side  AD  3° I-47712 

So  is  the  Sine  of  CAD  45  O 9.84948 

To  the  Side  CD  8 1.6  the  Diftance  required  1.9 1 1 73 

6ut  fuppofe  the  Current  had  fet  upon  an  Oblique 
Courfe,  ahd  not  due  Eaft,  Weft,  North,  or  South,  the 
Operation  had  been  more  difficult:  As  for  Example, 

A Ship 
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A Ship  fails  S.E.  100  Miles  a Day , in  a Current  that  fets 
N.N.W.  30  Miles  a Day  ; I demand  the  Courfe , Dif- 
tance, Difference  of  Latitude,  and  Departure  made  good 
in  one  Dpy. 


Geometrical  Ccnftruflien. 

Lay  down  the  Triangle  ABC,  as  in  the  fore- 
going Queftion,  with  the  Courfe  S.  E.  .viz.  an  Fig.  67. 
Angle  of  45  Degrees,  the  Diftance  too,  the 
Difference  of  Latitude  70.7,  and  the  Departure  the  fame 
as  found  before ; then  fhould  the  Ship  be  at  A;  but  be- 
caufe  the  Current  in  that  Time  hath  fet  the  Ship  30 
Miles  N.N.W.  therefore  fet  off  30  Miles  N.N.W.  from 
A to  d , which  may  be  done  by  the  Rule  laid  down  in 
• Traverfe  Sailing  Geometrical ; for  feeing  the  Line  CA 
is  South  Eaft  from  C to  A,  it  muff  needs  be  North 
Weft  from  Ato  C;  and  then  feeing  the  Current  fets 
N.N.W.  which  is  2 Points  to  die  Northward  of  North 
Weft;  therefore  with  the  Chord  of  60,  and  one  Foot 
;n  A,  draw  the  Arch  g d upon  which  fet  off  2 Points 
from£-  to  d , and  draw  A d , which  is  a N.N.W.  Line, 
upon  which  fet  off  30  (the  Current’s  Race)  from  A to  d, 
and  then  is  the  true  Place  of  the  Ship  at  d , her  true 
Diftance,  C ^ 73  2 Miles,  her  Difference  of  Latitude  C 
q 43.0  Miles,  and  her  Departure  qd  59.2  Miles,  and  the 
Arch  kb  meafures  the  Angle  atC  54c!. cm.  the  Courfe 
required. 

Arithmetical  Calculation. 

In  the  Triangle  AS  d Right-angle  at  S,  you  have 
given  the  Hypothenufe  A d 30,  and  the  Angle  at  A 67. 
go  (becaufe  A d is  a N.N.W.  Line)  to  find  AS  and  S d « 
by  the  fir  ft  of  Right-angled  Plane  Triangles. 

Y 3 As 
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As  Radius 9°  00 

To  the  Hypothenufe  A d 30 

So  is  the  Sine  of  the  Angle  at  A 67  30 


10.00000 

1.47712 

9.96561 


To  the  Leg  S d 


27  7 I-44273 


As  Radius  • *—— * 90  00 

To  the  Hypothenufe  Ad  — 30 

So  is  the  Sine  of  the  Angle  at  d 2 2 30 


10.00000 
1. 477 1 2 
9.58284 


To  the  Leg  AS 


11 


1.05996 


The  Leg  S d 27.7  equal  to  q B,  fubtradted  from  the 
whole  Difference  of  Latitude  CB  70.7,  leaves  C q the 
true  Difference  of  Latitude  43  O;  and  the  Leg  SA  1 1.5, 
fubtradted  from  the  whole  Departure  70.7,  leaves  59.2, 
the  true  Departure:  By  which  you  may  find  the  true 
Courfe  and  Diftance  by  Cafe  the  fixth  of  Plane  Sailing. 


A s Difference  of  Latitude  — 

43  0 

— 1.63346 

To  Radius  — 

90  0 

10.00000 

So  is  the  Departure  

59  2 

— 1.77232 

To  the  Tangent  of  the  Courfe 

54  0 

— — 10.13886 

As  Sine  Comp.  Courfe  — - 

36  0 

— — 9.76921 

To  Difference  of  Latitude  — 

43  0 

AA  A 

— 1.63346 

1 0 Dnnnn 

oO  IS  IxlUluS 

yu  u 

■ 1 wtUUUUv 

To  the.  Diftance 

73  * 

■ — 1.86425 

The  true  Courfe  is  54  Degrees  from  the  South  Eaft- 
ward,  or  South  Eaft  near  three  Quarters  Eaft,  and  the 
Diftance  is  73.2  Miles. 


CASE 
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1 * 

CASE  II.  Courfe  and  Diftance  failed , and  Courfe  and 
Diftance  made  good , given,  to  find  the  Courfe  and  Mo- 
tion of  the  Current. 

A Ship  fails  (by  the  Compafs)  S.  by  E.  36  Miles,  and 
then  arrives  at  a Place  which  is  known  to  bear  from  the 
Place  failed  from  S.E  by  S.  54  Miles,  (having  been  de- 
ceived by  an  unknown  Current)  1 demand  which  Way 
the  Current  fets,  and  how  faft,  fuppofmg  the  Ship  to 
fail  by  the  Log  4 Miles  an  Hour. 

Geometrical  Conftrutlion. 

In  this  and  all  other  Cafes  of  Currents,  as 
well  as  Plane  Sailing,  Traverfe,  lAc.  draw  the  Fig.  68. 
North  and  South  Line  AB,  and  fet  off  the 
Courfe  fleered  S.  by  E.  and  Diftance  36  Miles  from  A 
to  C i then  fet  off  alio  the  Courfe  and  Diftance  made 
good  54  Miles  S.E.  by  S.  from  A to  D:  Then  becaufe 
by  the  Courfe  fleer'd 'by  the  Compafs,  and  Diftance  run 
by  the  Log,  the  Ship  fhould  have  been  at  C,  but  is 
found  at  D,  therefore  I am  fure  there  is  fome  Current 
hath  fet  me  in  the  fame  Time  from  C to  D,  therefore 
draw  the  Line  CD  for  the  Set  of  the  Current,  which 
meafured  will  be  found  to  be  25  Miles.  And  the  Angle 
ACD  accounted  from  the  N.  by  W.  Point  (becaufe  the 
Line  CA  is  a N.  by  W.  Line)  will  be  found  to  be 
1 1 Points  from  the  N.  by  W.  Eaftwards,  viz.  E.S.E. 
od.  9m.  Southerly,  for  the  true  Courfe  of  the  Current 
by  the  Rule  laid  down  in  Traverfe  Sailing  Geometrical 
for  laying  down  Courfes  by  Diftance  of  Points. 

Arithmetical  Calculation. 

In  the  Oblique  Triangle  ACD,  you  have  given  the 
Side  AC  36  Miles,  and  the  Side  AD  54  Miles,  and  the 
Angle  between  them  2 Points,  or  2 2d.  30m.  (being  the 
Diftance  between  S.  by  E.  and  S.E.  by  S.)  to  find  the 
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Angle  ACD,  and  the  Side  CD,  by  Cafe  the  fourth  of 
Oblique  Plane  Triangles.  Co.  Ar. 

As  the  Sum  of  the  given  Sides  — — 90  — 8.04576 

To  their  Difference  18  — 1.25527 

So  Tang,  of  i Sum  of  unknown  Ang.  78.45  10.70134 

To  Tang,  of  i their  Difference 49  9 10.03237 

The  half  Difference  of  the  Angles  — 45d.  9m. 

Added  to  the  half  Sum  — 78  45 

The  Sum  is  the  Angle  ACD  123  54 

which  reduced  to  Points  of  the  Compafs,  is  1 1 Points, 
o Deg.  9 Min.  and  that  accounted  from  N.  by  W.  finds 
E.S.E.  o deg.  9 min.  Southerly,  for  the  true  Courfe  of 
the  Current. 

Then  for  the  Side  CD  the  Current’s  Race  in  thatTime; 

Co.  Ar. 

As  Sine  of  the  Angle  ACD  123d.  54m;  — 0.08092 

To  the  Side  AD  54  1-73239 

So  is  Sine  of  the  Angle  CAD  22  30  - ■—  9.58283 

To  the  Side  CD  required  — 25 1.39614 

So  that  the  Current  fets  25  Miles  E.S.E.  9m.  Sou- 
therly, in  the  Time  that  the  Ship  fail’d  by  the  Log,  36 
Miles  S.  by  E.  and  iuppofing  the  Ship  to  fail  4 Miles 
an  Hour,  fhe  would  fail  36  Miles  in  9 Hours,  in  which 
Time  the  Current  fets  25  Miles,  therefore  divide  25  by 
9,  the  Quotient  2^  Miles  is  the  hourly  Motion  of  the 
Current. 

CASE  III.  Courfe  and  Diftance  made  good  by  the 
Ship,  and  Courfe  and  Motion  of  the  Current  given,  to 
find  the  Courfe  and  Diftance  fail’d ; Or,  more  properly 
thus,  having  the  Bearing  and  Diftance  between  two 
Ports  or  Iflands  given,  and  having  all'o  the  Courfe  and 
Motion  of  a Current  that  lies  between  them  given,  to 
find  what  Courfe  to  fteer  by  the  Compafs,  or  how  much 

to 
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to  Windward  of  your  true  Courfe  to  fteer,  fo  that  the 
Compound  Motion  of  the  Ship  may  juft  fet  her  to  the 
defired  Port. 

There  are  two  I Hands  A and  B *,  the  Courfe  from  B 
to  A is  South  40  Degrees  Wefterly,  diftance  80  Miles : 
The  Current  fets  Eaft  a-fc  Miles  an  Hour,  a Ship  fails 
4^  Miles  an  Hour,  I demand  what  Courfe  (he  muft 
fteer  from  B to  A,  and  how  far  (he  muft  fail  by  the  Log 
before  (he  arrives  at  A,  the  Port  defired  ? 

Geometrical  Conftruflion. 

Draw  the  N.  and  S.  Line  BD,  and  fet  off 
the  Courfe  and  Diftance  from  B to  A South  Fig.  69. 
40  Degrees  Weft,  80  Miles  from  B to  A : 

Then  becaufe  the  Current  fets  Eaft,  draw  the  Eaft  and 
Weft  Line  AC  at  Pleafure,  by  the  Rule  laid  down  in 
Traverfe  Sailing  Geometrical.,  then  is  the  Side  AB  80 
Miles,  and  the  Angle  BAC  »30cL  00m.  given,  but  you 
have  no  other  Side  nor  Angle  given  in  the  Oblique 
Triangle  ABC,  but  you  have  the  Proportion  of  the 
two  Sides  CA  and  CB,  for  AC  reprefents  the  Motion  of 
the  Current  Miles  an  Hour,  and  BC  reprefents  the 
Motion  of  the  Ship  thro’  the  Water  4^  Miles  an  Hour: 
Therefore  find  the  Angle  ABC  by  Calc  the  Second  of 
Oblique  Plane  T riangles. 

As  the  Side  BC  4$,  or  in  Decimals  4.5  Co.  dr.  9 34679 
To  the  Sine  of  the  Angle  BAC  130.0  988425 

So  the  Side  AC  aj,  or  — — 2 5 — — 0.39794 


To  the  Sine  of  the  Angle  ABC  25.11  — — 9 62898 

The  Angle  ABC  is  25d  — tim.  therefore  make  the 
Ande  ABC,  25.1 1,  and  draw  the  Line  BC  to  cut  AC 
in  C,  and  then  is  the  Proje&ion  finifhed,  and  the  Angle 
ABC  25.11  added  to  the  Angle  ABD  4od.— om.  the 
Sum  65 d.  urn.  from  the  South  Wefterly,  or  W.  S.  W. 
almoft  £ Southerly,  is  the  Courfe  that  the  Ship  muft  fteer 
to  gain  the  Port  with  Allowance  for  the  Current. 

Then 
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Then  for  the  Side  BC,  the  Diftance  failed  by  th« 
Log,  fubtradt  the  Sum  of  the  two  Angles  A and  B 
i/^d. — nm.  from  180. — om.  the  Remainder  24d.  — * 
49m.  is  the  Angle  ACB.  Then, 

I 

As  Sine  of  the  Angle  ACB  — 24.49  Co.Ar . 0.37705 

To  its  oppofite  Side  BA  — — 80  - ■ 1.90309 

So  Sine  of  the  Angle  BAC  — 130 — o 9.88425 

To  the  Side  oppofite  BC  — 146  ■ - ■ ■ ■ 2.16439 

The  Diftance  failed  by  the  Log,  is  146  Miles,  and 

the  Rate  oi  Sailing  is  4^  Miles  an  Hour,  therefore  di- 
vide 146  by  4I,  the  Quotient  32!  is  the  Hours  that  the 
Ship  will  be  in  Sailing  from  B to  A. 

Now  if  you  would  prove  the  Work,  multiply  325,  the 
Hours  that  the  Ship  is  in  failing  by  2\  the  Miles  that 
the  Current  fets  in  one  Hour,  the  Quotient  8 if,  is 
the  Miles  that  the  Current  fets  in  that  Time,  reprefent- 
ed  by  the  Side  AC,  which  you  will  alfo  find  to  be  true 
by  the  following  Canon. 

As  Sine  of  BAC 130.0  Co.  Ar.  0.1 1575 

To  Side  oppofite  BC  ■■■  146  ■ - —»  2.16435 

So  Sine  of  ABC  25.11  9.62891 


To  Side  oppofite  AC  81.1  — 1.90901 

Note’,  It  is  necefiary  in  this  Cafe  to  know  how  faft 
the  Ship  fails,  for  the  fafter  (he  fails,  the  lefs  Ihe  need  lie 
to  Windward  of  her  true  Courfe  againft  the  Current. 

Cafe  IV.  or  Queftion  IV. 

There  are  other  Varieties  in  failing  in  a Current,  fome 
of  which  I (hall  inftance  for  the  Learner’s  Improve- 
ment and  Diverfion. 

A Cur- 
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A Current  fets  32  Miles  a Day  E.N.E.  a Ship  failing 
therein  fteers  S'.S.E.  by  the  Compafs , and  finds  that  in  24 
Hours  Jhe  is  70  Miles  difiant  from  the  Place  failed  from: 

I demand  upon  what  Point  fhe  hath  made  her  IV ay  good , 
and  how  far  fhe  bath  failed  by  the  Log  ? 

Geometrical  Confiruftion. 

Draw  the  N.  and  S.  Line  AB,  and  fet  off 
the  Ship’s  Courfe  fleer’d  S.S.E.  22.30,  and  Fig.  70. 
draw  the  Line  A C continued ; then  any 
where  upon  that  Line,  as  at  C,  draw  an  E.N.E.  Line 
(as  the  Line  DC)  by  the  Rule  laid  down  in  Traverfe 
Sailing  Geometrical  to  reprefent  the  Set  of  the  Current, 
upon  which  fet  off  32  Miles,  the  Current’s  Motion  in 
24  Hours,  from  C to  D,  then  at  the  neared  Diflance 
from  D to  the  Line  AC,  (which  here  happens  to  be  the 
Length  of  the  Line  CD,  becaufe  CD  is  Perpendicular 
to  AC)  draw  the  Parallel  h D,  then  with  70  Miles  ("the 
Diftance  made  good)  in  your  Compafies,  and  one  Foot 
in  A deferibe  the  Arch  B g continued,  and  where  it 
cuts  the  Parallel  h D as  in£,  begin  the  Linej-  E,  draw- 
ing it  parallel  to  the  Line  DC  : Then  is  A g 70  Miles, 
and  Diftance  made  good,  E g 32  Miles,  the  Set  of  the 
Current  E.N.E.  The  Line  AE  62.3  Miles,  the  Dif- 
tance fail’d  by  the  Log,  and  the  Angle  EA^  2yd.  12m. 
added  to  the  Angle  BAC  22d.  30m.  the  Sum  49ft.  42m. 
is  the  Courfe  made  good  from  the  South  Eaftward,  or 
the  Arch  k m meafured  on  the  Rumbs,  gives  SE.  4 De- 
grees, 42  Minutes  Eafterly. 

Arithmetical  Calculation. 

• 

In  the  Triangle  A E g you  have  given  the  Diftance 
made  good  A g 70  Miles,,  and  the  Motion  of  the  Cur- 
rent E^  32  Miles,  and  the  Angle  AE^  (which  hap-' 
pens  here  to  be  a Right-angle)  qo  deg.  to  find  the 
Angle  EA^  thus : 
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As  Side  A g 


To  the  Sine  ©f  theAngle  oppofite  > 

AE;  

So  Side  E g - ■ 


70 


J90  o — 
32  


1.84509 

10.00000 

1.50515 


TotheSjneoftheAngleoppo.EAj-.  27  12  — 9.66006 
The  Angle  E A g 27d.  12m.  added  to  the  Angle 
BAC  22.30,  the  Sum  49.42  is  the  true  Courfe  made 
good  from  the  South  Eaftwards,  viz.  S.  E.  4d,  42m, 
Eafterly:  ✓ 

Then  for  the  Side  AE  the  Diftance  failed  by  the  Log. 

As  Sine  AE^  - ■ — god.  om  — 10.00000 

To  Side  oppofite  A g — • 70  »-  ■ - 1.84509 

So  Sine  A £ E — — — — 62  48  — — 9.94910 


To  Side  oppofite  AE  — — 62.3  - 1.79419 

The  Courfe  made  good  is  S.E.  4d.  42m.  Eafterly, 
and  the  Diftance  failed  by  the  Log  is  62.3  Miles. 

And  if  you  would  prove  the  Work  by  inverting  the 
Queftion,  and  propofing  it  in  the  firft  Cafe  of  Current 
Sailing,  thus, 

A Ship  fails  S.S.E.  62.3  Miles  in  a Current  that  fets 
E.N.E.  32  Miles  in  the  fame  Time;  you  will  find  the 
Anfwer  produces  70  Miles  S.E.  4d.  42m.  Eafterly,  for 
jthe  Courfe  and  Diftance  made  good. 

Note ; Although  in  this  Cafe  the  Triangle  A E^  i$ 
Right-angled,  becaufe  the  Current's  Race  E.  N.  E. 
makes  a Right-angle  with  the  Ship’s  Courfe  S.S.E.  yet 
in  any  other  Cafe  it  would  have  been  an  Oblique  Tri- 
angle ; but  the  Rules  both  for  Projection  and  Calculat- 
ion would  have  been  the  fame. 


Qytfion  the  Fifth. 

' A Ship  fails  72  Mile*  a Day  by  the  Log,  in  a Cur- 
rent that  fets  Eaft  12  Miles  a Day,  and  then  finds  that 
(he  hath  made  her  Way  good  South  Eaft,  I demand 
■what  Courle  (he  hath  fleer'd  by  the  Compafs,  and  what 
Diftance  (he  has  nude  good? 

Qeome - 


# 


1 
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Geometrical  ConJlruBion. 

Draw  AB,  and  with  an  Angle  of  45  Deg. 
the  Courfe  made  good,  draw  the  Line  AC  Fig.  71: 
continued,  then  with  71  the  Pittance  failed 
by  the  Log,  fweep  the  Arch  B d\  then  any  where  upon 
the  Line  aB,  as  at  B,  make  an  Eaft  and  Weft  Line, 
becaufe  the  Current  fets  Eaft;  then  take  12  Miles  in 
your  Compafles,  the  Currents  Motion ; and  fet,  it  pa- 
rallel to  BC,  and  fo  that  it  may  juft  extend  from  the 
Arch  B d to  the  Line  A C,  as  here  from  e to  g,  and 
draw  the  Line  eg,  and  ’tis  done— or  if  you  think  this 
Method  too  mechanital  for  laying  down  the  Line^e, 
you  may  do  it  thus:  You  forefee  that  in  the  Triangle 
A eg  when  laid  down,  there  will  be  given  the  Side  A e 
72,  and  the  Angle  oppofite  to  it  45  deg.  and  the  Side 
eg  12,  to  find  the  Angle*  A g , thus, 

As  Side  A*  ■ — 72  Co.  Ar.  8.14267 

To  Sine  of  theAngle  oppofite  Age  45.0  9.84948 

So  Sine  eg  - « ■ — 12  » — 1.07918 

To  Sine  of  Angle  oppofite  g A * 6.46  — 9.07133 

which  added  to  the  Angle  A g e 45  deg.  the  Sum  5 1.46 
fubtrafted  from  180,  leaves  128.14,  the  Angle  A eg\ 
therefore  having  fet  off  72  from  A,  upon  the  Line  A e 
from  A to  *,  at  e draw  the  Line  eg,  to  make  an  Angle 
of  128.14  with  the  Line  A e,  this  Line  if  carefully 
drawn  will  juft  contain  12  fuch  Parts,  whereof  the  Line 
A e contains  72,  by  that  Time  it  is  extended  to  cut  the 
Line  Kg. 

Then  for  the  Side  A g the  Diftance  made  good. 

As  Sine  e Kg  — — > - — — - 6.46  Co.  Ar.  0.92876 

To  Side  eg  — — — — 12  ■■  1.07918 

So  Sine  of  A eg — 128.14  — 9.89514 

> . 

ToSideA^  theDiftance  made  good  80  — 1.90308 

1 ■'  • _ '1  here* 
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Therefore  for  the  Courfe  fteer’d,  fubtradt  the  Angle 
e Ag  6.46  from  the  whole  Angle  given  b kg  45,  the 
Remainder  38.14  is  the  Angle  l A e the  Courfe  fteer’d, 
and  the  Side  A g,  found  to  be  80,  is  the  Diftance  made 
good. 

Note\  In  finding  the  Sine  of  any  Angle  above  90  De- 
grees you  muft:  fubtradt  the  Angle  (whofe  Sine  is  re- 
quired) from  180  Degrees,  the  Sine  of  the  Remainder 
is  the  Sine  of  the  Angle  required,  as  in  the  Example  a- 
bove,  where  the  Sine  of  128.14  is  required,  fubtradt 
328.14  from  180,  the  Remainder  5 1 d.  46m.  fought  in 
the  Table  of  Sines,  the  Sine  anfwering  to  it  is  9.89514, 
which  is  alfo  the  Sine  of  128.14  which  was  required  ; 
the  Reafon  of  which  is  evident  from  Plate  ift.  Fig.  7. 
of  this  Book,  in  which  if  you  account  I28d.  14m.  from 
k upon  the  Arch  k 90  S,  it  will  reach  to  the  Point  x, 
and  the  Perpendicular  x z is  equal  to  a Perpendicular 
let  fall  from  5 1 d.  46m.  as  you  may  obfcrve  by  the  De- 
grees numbered  from  S upwards  towards  90,  the  fame 
Degree  and  Minute  which  anfwers  to  128.14,  if  num- 
bered from  ky  anfwers  to  51.46,  if  numbered  from 
S,  fcfr. 

And  thus  much  for  Plane  Sailing  in  a Current;  many 
more  Queftions  might  be  invented  from  other  Data’s, 
but  I would  ftudy  Brevity,  that  the  Book  may  not  be 
too  chargeable  to  the  Buyer,  fuppofing  that  by  a Right 
Underftanding  of  thefe  Rules,  the  Ingenious  will  be 
able  to  projedt  and  anfwer  any  other  Cafe  or  Queftion  of 
this  Kind;  and  as  for  Traverfe  Sailing  in  a Current, 
although  I thought  to  have  placed  it  in  a Sedtion  or 
Chapter  by  itfelf,  yet  I find  it  altogether  needlefs ; for 
the  Courfes  being  firft:  reduced  to  one,  by  the  Rules  laid 
down  in  Traverfe  Sailing,  the  Operation  for  allowing 
for  known  Currents,  or  finding  the  Courfe  and  Motion 
of  unknown  Currents,  is  the  very  fame  with  the  Rules 
here  laid  down. 

O F 
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O F 

Turning  to  WINDWARD 

1 N A 


CURRENT. 


TH I S may  alfo  be  divided  into  feveral  Cafes, 
of  which  I (hall  fpeak  in  Order;  but  the  moil 
ufeful  is,  where  the  Courfe  and  Motion  of  the 
Current  is  given,  with  the  Courfe  and  Diftance  between 
the  Place  failed  from,  and  the  Place  bound  for,  and 
from  what  Point  the  Wind  blows,  and  how  near  the 
Wind  the  Ship  will  make  her  Way  good,  (for  thele  four 
Things  are  commonly  given  or  known)  to  find  how 
long  fhe  mild  lie  upon  each  Tack  to  ga:n  her  Port,  fup- 
pofing  her  Rate  of  running,  or  Miles  failed  in  an  Hour 
by  the  Log,  be  alfo  given  or  known. 


Example 
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• Example,  Quejlion  the  Firjl. 

There  are  two  Iflands  A B,  A is  difiant  from  B 90 
Leagues  due  North:  A Current  fets  from  A towards 
B South  2 Miles  an  Hour,  a Ship  at  A intending  for 
B,  meets  with  the  Wind  at  South,  gets  her  Starboard 
Tacks  aboard,  and  makes  her  Way  good  within  72 
Degrees  of  the  Wind,  and  fails  four  Miles  an  Hour  by 
the  Log,  I demand  how  long  (he  muft  lie  upon  each 
Tack  to  gain  her  Port,  and  what  Courfeihe  makes 
good  ? 

Geometrical  CcvJlruRion, 

Draw  AB  reprefenting  the  Bearing  and  Dif- 
Fig.  72.  tance  of  the  two  Iflands,  viz.  N.  and  S.  90 
Leagues,  upon  the  Middle  of  which  ereft  the 
Perpendicular  d C,  then  draw  the  Line  AC,  to  make  an 
Angle  of  72  Degrees,  with  the  Line  HB,  and  continue 
the  Line  AC  till  it  ait  the  Perpendicular  d C in  C,  and 
draw  the  Line  CB,  fo  fhall  the  Ifofceles  Triangle  ABC 
reprefent  the  two  Iflands,  and  the  Ship’s  Way  to  them 
without  any  Allowance  for  the  Current,  the  Line  AC 
reprefenting  the  Ship’s  Way,  with  her  Starboard  Tacks 
aboard  72  deg.  from  the  Wind,  and  the  Line  CB  her 
Way,  with  her  . Larboard  Tacks  aboard  to  fetch  the 
Ifland } but  becaufe  every  Hour  while  the  Ship  fails 
four  Miles  by  the  Log,  the  Current  fets  her  two  Miles 
to  the  Southward,  therefore  find  how  many  Hours  the 
Ship  is  in  failing  from  A to  C by  the  Log  in  order  to 
which  you  muft  find  the  Side  A C by  dividing  the 
Ifofceles  Triangle  ABC  into  two  Right-angled  Triangles 
A d C and  B d C,  then*  in  the  T rian»le  A d C you  have 
given  the  Leg  A d 45  (being  half  the  whole  Line  A B 
which  is  90)  and  the  Angle  d AC  72  Deg.  confe* 
quently  the  Angle  AC  d 18  deg.  to  find  the  Hypothenufe 
A C,  by  Cafe  the  fourth,  of  Right  angled  Plane 
Triangles. 

As 

. » > 
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As  Sine  of  AC  d »■—  ■ 1 8d.  om.  9.48998 

To  Side  oppofite  A d — — 45  . 1.65321 

So  is  Radius  A d C — 90.0  10.00000 


To  Hypothenufe  AC  — — 145*  2.16323 


Hence  AC  is  145I  Leagues,  or  437  Miles,  which  di- 
vided by  4 the  Miles  failed  in  one  Hour,  the  Quotient 
109$:  is  the  Hours,  in  which  the  Ship  fails  from  A toC; 
but  the  Current  fetting  South  two  Miles  an  Hour,  ’ds 
plain  that  in  109^  Hours  it  hath  fet  South  218  Miles, 
or  72f  Leagues  nearly;  therefore  draw  the  South  Line 
C/ and  thereon  lay  72}  Leagues,  becaufe  whilft  (he 
fail’d  by  the  Log  from  A to  C,  the  Current  hath  fet 
her  from  C to  g , then  draw  the  Line  A g,  which  re- 
prefent  the  true  compound  Motion  of  the  Ship,  or 
Courfc  made  good;  but  becaufe  fhe  is  to  lie  upon  that 
Tack,  but  only  till  lhe  be  got  half  Way  to  the  Port 
fail’d  for,  obferve  where  the  Line  A g cuts  the  Perpen- 
dicular d C in  e,  and  then  is  the  Angle  d A e ^.gd.  39m. 
the  true  Courfe  made  good  by  Reafon  of  the  Current, 
and  the  Line  A e the  true  Diftance  fail’d  upon  the 
Starboard  Tack,  viz.  69.5  Leagues,  and  e B the  Di- 
ftance failed  upon  Larboard  Tack  being  alfo  69.5 
Leagues.  But  to  know  how  far  fhe  will  have  failed  by 
the  Log,  by  that  Time  that  lhe  will  be  at  e by  the  Help 
of  the  Current,  draw  e k parallel  to  g C,  this  Parallel 
fhall  cut  AC  and  A g proportionably  by  Euclid  Lib.  6. 
Prop.  2.  viz.  As  A g to  A e,  fo  AC  to  A k,  hence  A k 
meafured  will  be  found  to  be  55.^  Leagues,  or  166.7 
Miles  failed  by  the  Log,  which  divided  by  four,  the 
Miles  failed  by  the  Log  in  one  Hour,  gives  41.775 
Hours,  the  Time  to  ftand  upon  the  Starboard  Tack, 
and  the  fame  upon  the  Larboard,  to  fall  in  with  the 

I Hand  at  B,  &c. 

% 

Arithmetical  Calculation. 

In  the  Oblique  Triangle  AC  £,  there  is  given  the  Side 
AC  437  Miles,  and  the  Side  Cg  218  Miles,  and  the 

Z Angle 
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AnMe  included  ACg  io8d.  om  to  find  the  Angle 
C A g,  by  Cafe  the  Fourth  of  Oblique  Angled  Plane 
Triangles. 

As  Sum  of  the  Sides 655  Co.  Ar.  7.18376 

To  Diff.  of  the  Sides  219  2-34044 

SoTang.offSumofunknownAng.36.0 9.86126 

To  Tang,  ofhaif  their  DifFerencei  3.39 9-3854^ 

The  half  Difference  13d.  39m.  fubtra&ed  from  the 
half  Sum  36c!.  om.  refts  2»d.  21m.  the  Angle  CAg, 
which  fubtra&ed  from  the  whole  Angle  d AC  726.  om. 
leaves  the  Angle  dAe  49d.  39m.  the  Courfe  made  good. 

Then  for  the  true  Diftance  made  good  A e : In  the 
Triangle  Ad  e you  have  given  A d 45  Leagues,  and  the 
Angle  dAe  49d.  39m.  confequently  the  AngleAei 
4od.  2 1 m.  to  find  A e by  Cafe  the  Second  of  Right- 
angled  Plane  Triangles. 


As  Sine  of  e d — — 4°d-  21m.—  9.81121 

To  Side  oppofite  A d — 45  * — ' 1.65321 

' So  Radius  — — — 90  o . — 10.00000 


To  Hypothenufe  A e — 69  5 — 1.84200 


Then  for  the  Diftance  fail’d  by  the  Log  A k (while  by 
the  Help  of  the  Current  (he  is  carried  to  e.) 

In  the  Triangle  A fee,  you  have  given  A e 69.5,  and 
you  have  given  all  the  three  Angles,  viz.  A k e,  equal 
to  AC^  io8d.  om.  and  Aek  equal  to  Ag  C equal  to  dAe, 
49d.  39m.  and  k Ae  22d.  21m.  equal  to  A C,  to 
find  the  Side  A k by  Cafe  the  firft  of  Oblique-angled 
Plane  Triangles. 

As  Sine  of  A k e — — io8d.  om.  Co.  Ar.  0.02179 
To  Side  oppofite  A e — 69.5  — — 1.8419S 

So  Sine  of  A ek 49  5 39  ~ 9.88201 

To  Side  oppofite  A k — 55-7  ~ I'7457$  - 

The 


( 
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The  Side  A k , the  Diftance  failed  by  the  Log,  is 
55.7  Leagues,  or  167.1  Miles,  which  divided  by  4,  the 
Miles  failed  in  one  Hour  by  the  Log,  the  Quotient 
41.775  is  the  Hours  that  (he  mull  lie  upon  the  Star- 
board Tack,  in  which  Time  fhe  is  carried  away  by  the 
Help  of  the  Current  from  A to  e , and  then  lying  the 
fame  Time  upon  the  Larboard-Tack,  fhe  will  arrive  at 
B,  the  defired  Port;  fo  that  in  83,55  Hours,  (he  per- 
forms the  Voyage  of  90  Leagues,  although  upon  a 
Wind,  by  the  Help  of  the  Current,  which  had  there 
been  no  Current,  would  have  required  218  Hours,  or  9 
Days  and  2 Hours 

Queftion  the  Second. 

There  are  two  IJlands  diftant  400  Miles  N.  and  S.from 
tach  other , fuppofe  A and  B,  A being  the  Northermcji : A 
Ship  at  A intending  for  B,  meets  with  the  Wind  at  Southy 
fhe  gets  her  Starboard  Tacks  aboard , and  makes  her  Way 
good  through  the  Water , within  72  Degrees  of  the  Wind,  a 
Current  at  the  fame  Time  fetting  South  24  Miles  a Day,fbc 
flood  four  Days  upon  each  Tack , and  then  arrived  at  her 
Port  at  B : I demand  her  Courfe  and  Dijlance  made  good  up - 
on  each  Tack  ? 


Fig-  73 • 

• 

Geometrical  ConflruHion. 

Draw  the  Line  AB  400,  and  at  an  Angle  of  72  De- 
grees, draw  AD  and  BD,  to  cut  each  other  in  D,  and 
from  that  Interfedlion  let  fall  the  Perpendicular  D C, 
which  will  fall  upon  the  Middle  of  the  Line  AB,  then  is 
the  Proje&ion  finifhed  without  Allowance  for  the  Cur- 
rent; but  becaufe  in  that  four  Days  that  lhe  had  her 
Starboard  Tacks  aboard,  the  Current  had  fet  her  9 6 
Miles,  fet  off  96  from  C to  e and  h,  and  draw  hk  and 
eg  Parallel  to  C D,  and  where  thefe  Parallels  cut  the 
Ljnes  AD  and  BD,  as  at  g and  k,  draw  the  Line  g k to 

Z 2 cut 
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cut  the  Perpendicular  CD  in  m,  and  then  to  the  Inter- 
fedlion  at  m,  draw  the  Lines  A m and  B m,  for  thd'e 
Lines  fhall  reprefent  the  true  compound  Motion  of  the 
Ship  or  Courfe  and  Diftance  made  good,  viz.  The 
Angle  CA  58d.  is  the  Courfe  made  good  from  the 
Meridian,  and  the  Line  A m equal  to  m B is  the  true 
Diftance  fail’d  upon  each  Tack,  viz.  377-4.' 

Arithmetical  Calculation. 

In  the  Triangle  A eg  Right  angled  at  e,  you  have 
given  the  Leg  A e 104,  and  the  Angle  e A g 72d.  con- 
iequently  the  Angle  Age  i8d.  to  find  the  Hypothenufe 
A g. 

As  Sine  of  A g e i8d.  om.  — 9.48998 

To  Side  oppofite  A e 104  — 2.0x703 

So  Radius 90.0  — - io.ocooo 


To  the  Hypothenufe  A g 336.5 2.52705 

Then  in  the  Oblique  Triangle  A g m you  have  given 
the  Side  Ag  336  5 and  the  Side  gw  96,  becaufe  equal 
to  C e,  and  the  Angle  included  Ag  m io8d.  om.  to  find 
the  Side  A m. 

Co.  Ar. 

As  Sum  of  the  Sides  — — 432  5 — 7.36402 

To  Difference  of  the  Sides 240.5 — 2.38 1 r 1 

SoTang.ofhalfSumof  unknown  Angles  36.0 — 9.86126 

To  Tangent  of  half  their  Difference  — 220 — 9.60639 
Hence  the  Angle  g A m is  i4d.  00m.  which  fubtraft- 
ed  from  the  whole  Angle  72,  leaves  the  Courfe  made 
good,  CA  m 58d.  00m.  Then  for  the  Diftance  made 
good. 


As  Sine  of  g A m 
To  Side  oppofite  g »; 

So  Sine  A g :n  — 

To  Side  oppofite  A m — — 377.4 


00m. 


Co.  Ar. 
0.61632 
1.9822  7 
9 97820 

2.57679 
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The  Diftance  made  good  upon  each  Tack  is  377.4 
Miles;  the  Diftance  failed  by  the  Log  upon  each  Tack 
is  Ag  and  B k 336.5,  the  Courfe  made  good  58d.  om. 
from  the  Meridian. 

Queftion  the  Third. 

A Majler  of  a Ship  having  taken  Freight  from  an  JJlani 
at  A,  to  another  ljland  at  B,  and  having  his  Son  aboard 
along  with  him  to  gain  Experience , be  requires  of  bis  Fa- 
ther, whether  there  was  not  a Current  fetting  upon  fome 
Point  between  the  two  IJlands : His  Father  refufing  to  tell 
him,  bids  him  obferve  well  the  Dead  Reckoning  Outward- 
bound,  and  alfo  Home,  and  fee  if  he  could  not , by  comparing 
them,  find  the  true  Courfe  and  Motion  of  the  Current: 
JVbe>  eupon  the  Captain,  who  knew  very  well  which  lEay  the 
Current  fet,  and  how  the  Ifiands  bore  upon  each  other , caufed 
them  tq  fleer  away  South,  and  in  Running  270  Miles  upon 
that  Courfe,  they  arrived  at  B,  and  having  done  bis  Bufi- 
nefs  there,  they  fleered  North  fFefl,  and  Running  380  Miles 
upon  that  Courfe , they  arrived  at  A.  Now  I demand 
how  the  Jflands  bear  from  each  other,  and  how  far  diflant-, 
alfo  which  IVay  the  Current  fets,  and  bow  fajl,  fuppofing 
the  Ship  failed  always  at  the  Rate  of  5 Miles  an  Hour  by 
the  Log  ? 


Geometrical  Con  fir  unions. 

Draw  the  North  and  South  Line  A C 270 
Miles,  the  firft  Courfe  and  Diftance;  then  Fig.  74: 
becaufe  her  Courfe  Home  was  North  Weft 
to  A,  draw  the  Line  AD  at  the  Angle  of  45  degrees 
from  AC  (becaufe  if  DA  be  North  Weft,  AD  mult  be 
South  Eaft,  and  confequently  make  an  Angle  of  45 
Degrees  with  the  Line  AC)  and  fet  off  380  trom  A to 
D,  and  draw  the  Line  CD,  which  reprefents  the  Motion 
of  the  Current  during  the  Ship’s  failing  from  A to  C, 
and  from  D to  A ; for  finding  of  which  you  have 
given  the  Side  AC  270,  and  the  Side  AD  380,  and  the 

contain’d 


Digitized  by  Google 


342  Quejltons  concerning  Currents'. 

contain’d  Angle  45  deg.  to  find  the  Angle  A C D by 
Cafe  the  fourth,  of  Oblique  Plane  Triangles. 

As  Sum  of  the  Sides  650  Co.  Jr.  7.18709 

To  the  Difference  of  the  Sides  1 10  2.04139 

SoTang.  of^Sum  of  unkn.Angles67.30  — 10.38277 

To  Tang,  of  | their  Difference  22.13  — 9.61125 

The  half  Sum  added  to  the  half  Difference,  makes 
the  bigger  Angle  ACD  89.43. 

Then  for  the  Side  CD. 

As  Sine  of  ACD  ——  89.43  Ce.  Ar.  o.oooor 

To  Side  oppofite  AD  — — 380  — — 2.57978 

So  Sine  of  CAD  — — 45*°  •—  9-84948 


To  Side  oppofite  CD  — — 268.7  — — 2.42927 
The  Side  CD  268.7  Miles  is  the  Currents  Race  dur- 
ing the  whole  Voyage : Now  to  find  the  Bearing  and 
Diftance  of  the  Iflands,  we  fee  that  in  the  whole  Voyage, 
out  and  home,  the  Ship  runs  650  Miles,  which  at  5 
Miles  an  Hour,  requires  130  Hours,  in  which  Time  the 
Current  fets  268.7  Miles,  but  her  Voyage  outward  be- 
ing but  270  Miles,  which  at  5 Miles  an  Hour  requires 
but  54  Hours,  therefore  fay  by  the  Rule  of  Three,  if  in 
130  Hours  the  Current  fets  268.7  Miles,  how  far  will  it 
fet  in  54  Hours  ? 

268.7 

54 


10748 

*3435 


13!°)  i45°l9-8  (i»*. 6 

The  Current’s  Drift  while  the  Ship  fails  by  the  Log. 
from  A to  C is  1 1 1.6,  which  fet  upon  the  Line  C D 

from 
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from  C to  B,  and  draw  AB  which  reprefents  the  true 
Courie  and  Diftance  between  the  two  1 (lands,  for  the 
finding  of  which  by  Calculation,  you  have  given,  in  the 
Triangle  ABC,  the  Side  A C 270,  and  the  Side  C B 
1 1 1.6,  and  the  contained  Angle  ACB  89.43,  to  find 
the  Angle  CAB,  by  Cafe  the  Fourth,  of  Oblique  Plane 
Triangles, 


As  Sum  of  Sides  — - 381  6 

To  the  Difference  of  the  Sides  •—  158.4 
So  Tang.of  halfSum  unknownAngles  45.8 


Co.  Ar. 

— 7.4*840 

— 2.19975 
10.00202 


To  Tang,  of  half  their  Difference  22.38  — 9.62017 


Hence  the  Angle  CAB  is  22d.  30m.  the  true  Courfe 
from  A to  B South  Eafterly,  which  is  South  South  Ealt 
exaftly. 


Then  for  the  Side  AB  the  true  Diftance  between  the 
Elands. 


As  Sine  of  C A B — — 22.30 
To  Side  oppofite  C B — • 111.6 
So  Sine  of  ACB  — — • — 89.43 

To  Side  oppofite  A B — 291.6 

The  true  Diftance  between  the  two  Elands  is  291.6 
Miles. 

The  Courfe  of  the  Current  is  the  Angle  ACD,  found 
by  the  firft  Operation  89d.  43m.  from  the  Norrh  Eaft- 
erly, which  is  Eaft  17  Minutes  Northerly,  and  as  for  the 
Rate  or  Motion  of  the  Current’s  running,  it  is  found 
by  dividing  the  whole  of  the  Current  268.7,  by  the 
whole  Number  of  Hours  that  the  Ship  was  under  Sail, 
viz.  130,  the  Quotient  is  the  Miles  that  the  Current 
fets  in  one  Hour,  as  appears  by  the  Operation. 

Z 4 130 

) 


Co.  Ar. 
0.41716 
2.04766 
9.99999 

2.4648 1 
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130X  268.700  ✓'2.066 


268.700  / 

) 8.70  ( 

^ r\  ^ 


9.00 

120 


Hence  in  Anfwer  to  what  was  demanded  ; the  Courfe 
from  A to  B is  S.S.E.— — The  Diftance  291.6  Miles; 
the  Courfe  of  the  Current  is  Eaft  od.  1 7m.  Northerly, 
and  its  Rate  or  Motion  is  2.066  Miles  an  Hour. 

Now  if  you  would  prove  the  Truth  of  the  Operation 
you  may  eafily  do  it,  by  inverting  the  Queftion,  and 
Rating  it  as  in  the  firft  Cafe  of  Current  Sailing , thus, 

A Ship  fails  South  5 Miles  an  Hour  in  a Current  that 
fets  Eaft  17  Min.  Northerly  2 or  2.066  Miles  an 
Hour,  I demand  the  Courfe  and  Diftance  made  good, 
and  you  will  find  it  produce  S.S.E.  for  the  Courfe,  and 
291.6  Miles  for  the  Diftance;  but  1 fhall  leave  the  Ope- 
ration for  the  Reader’s  Practice. 


/ 
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Q^U  E S T I O N S 

I Thought  to  have  added  other  Varieties  of  Queftions 
concerning  Currents;  but  this  being  but  an  Ap- 
pendix to  a fmall  Treatife,  1 fear  if  I Ihould  pro- 
ceed* I Ihould  exceed  my  intended  Bounds,  and  there- 
fore lhall  add  no  more,  fuppofing  that  by  what  is  laid 
down  the  ingenious  Student  may  eafily  learn  to  project 
and  anfwer  any  other  necelTary  Queftion  in  that  Kind  ; 

1 lhall  now  proceed  according  to  my  Promife,  to  inferc 
fome  other  Pleafant  and  Ufeful  Queftions  for  the  Rea- 
der’s Improvement  and  Diverfion. 

Queftion  the  Firft. 

! There  is  a round  Sea  or  Lake  of  an  unknown  Diameter , 
Upon  which  the  JVind  is  obferved  to  blow  always  one  IV ay, 
hut  upon  what  Point  of  the  Compafs  is  unknown ; upon  the 
Coajl  thereof  are  two  Ports  A and  B,  diametrically  opp'Jite 
to  each  other,  fo  fituate  that  the  Trade  IVind  blowing  there , 
will  be  fomewhere  upon  the  Larboard  Quarter,  during 
their  failing  from  A to  B,  but  bow  many  Points  abaft  the 
Beam  is  unknown,  the  Courfe  and  Dijtance  between  the 

two  Ports  is  alfo  unknown. A Ship  at  A intending 

for  B,  was  no  fooner  got  out  of  the  Harbour , but  Jh;  was 

affaulted 
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affaulted  by  Pyrates , who  after  a long  Conflict  carried  away 
her  Main  Maft , Mizen  Maft , Fore  Top  Maft,  and  alfo  her 
Rudder , and  came  aboard  to  Plunder , taking  away  her  Car- 
goes the  Mafter's  Books , Ivflruments , Charts , Compares , 
&c.  left  in  this  Diflrefs  he  fets  his  Fore  Sail,  and 
having  no  Rudder , tf«jy  7»cr<?  &m7  to  command  her  with , 
7?/j  her  drive  right  before  the  Wind,  'till  at  l aft  Jhe  drove 
a-Jhore  in  a little  Creek , altogether  unknown  by  the  Mafter, 
nor  did  he  know  the  Courfe  or  Diftance  from  this  Creek, either 
to  the  Pert  failed  from,  or  to  the  Port  bound  for:  How- 
ever here  he  got  fuch  Mafls  and  Sails  as  he  had  occafion  for, 
with  a Rudder,  and  all  that  was  neceffary  to  the  working  of 
a Ship,  but  could  get  no  Books,  Charts , lnflruments,  or 
Compajfes : I demand  what  Means  he  mufl  ufe  to  guide  him- 
felf  to  the  Port  at  B ? 

Anfvver. 

Although  at  firft  Sigh:  this  Queftion  Teems  impofTible 
to  be  anfwered  from  what  is  given,  yet  with  a little  Con- 
fideration  it  is  very  eafy  •,  the  Solution  of  it  is  grounded  al- 
together upon  the  Thirty-firft  Propofition  of  the  Third 
Book  of  Euclid,  where  it  is  prov’d  that  an  Angle  in  a Se- 
micircle, is  a Right-angle,  &c.  Now  the  two  Ports  A 
and  B being  propofed  oppofite  to  each  other,  or  in  a Se- 
micircle, it  will  neceflary  follow  that  to  what  Place  foever 
the  Ship  was  blown  from  A,  right  before  the  "Wind, 
and  put  a Shore,  the  fame  Wind  upon  the  Beam  would 
carry  her  to  the  Port  at  B,  as  appears  by  the  Figure 
annexed. 

The  Angles  ACB  and  ADB  and  AEB  are 
Fig.  75.  all  Right-angles  by  the  Propofition  above 
named  •,  and  therefore  if  from  A the  Ship  is 
blown  before  the  Wind  to  C,  *tis  plain  that  the  fame 
Wind  continuing,  (as  is  here  fuppofed)  the  Wind  muft 
needs  be  upon  the  Beam  from  C to  B,,  becaufe  ACB 
is  juft  Square  or  a Right- angle. 

Or,  fuppofe  the  Wind  blow  from  A to  D,  and  the 
Ship  driven  before  the  Wind,  is  blown  a Shore  atD,  it 
, ..  is 
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is  plain  that  (the  Angle  ADB  being  a Right-angle)  the 

fame  Wind  mull  be  upon  the  Beam  from  D to  B 

and  for  the  fame  Reafon,  if  blown  before  the  Wind  from 
A to  E,  the  Wind  will  be  upon  the  Bearn  from  E to  B-, 
See  the  Demonjlration  in  the  Book  itfelf , viz.  Euclid. 

Queftion  the  Second. 

‘There  is  a round  Lake , whofe  Diameter  is  360  Miles,  up- 
on the  Coaft  of  which  lie  two  Ports,  A and  B,  whofe  near- 
ejl  Dijlance  in  a fir  ait  Line  is  120  Miles,  but  their  Bear- 
ing or  Situation  is  not  known:  A Ship  at  A fails  away 
Weft  a certain  Difiance,  and  then  arrives  at  another  un- 
known Port  at  L,  whofe  Bearing  and  Difiance  both  from 
A and  B are  unknown , and  at  the  Port  at  L,  the  Mafier 
takes  in  Goods  for  B,  I demand  what  Courfe  he  mvfi  fleer  to 
find  the  Port  at  B ? 

Firft,  Draw  the  Circle  KLMN  to  repre- 
fent  the  Lake  whofe  Diameter  KMorLN  Fig.  "j6 . 
is  360  Miles,  then  aflume  any  Point  in  the 
Circumference  of  the  Circle,  as  at  A,  to  reprefent  the 
Port  at  A ; then  with  120  in  your  Compalfes,  the  Dif- 
tance  of  the  Ports  in  a ftrait  Line,  and  one  Foot  in  A, 
the  other  will  reach  to  B,  bifiedl  the  Arch  AB  at  N, 
and  thro’  N and  the  Center  0,  draw  the  Diameter  N 0 
L,  and  at  Right-Angles  to  it  the  Diameter  KM,  and 
draw  the  Line  AB,  then  is  the  Line  A q t>  the  Chord" 
of  the  Arch  ANB,  and  B q is  the  Sine  of  the  Arch  BN 
to  the  Radius  K 0 equal  to  180  Miles,  the  Semidiame- 
ter of  the  Lake.  Therefore, 

As  K 0 equal  to  B 0 — 180  — • 2.25527 

To  Radius  — — 90  00  — — 10.00000 

So  B q equal  to  half  B q A — 60  — — 1 .7781 5 

To  Sine  of  the  Angle  B 0 q — 19.28 9.52288 

The  Angle  B 0 q 19.28  doubled  is  38.56,  the  whole 
Angle  B 0 A (becaufe  the  Angles  B 0 q and  q 0 A,  are 
equal.)  Now  fuppofe  a Ship  at  A fails  Well  to  an  un- 

\ known 
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known  Port  at  L,  I have  already  proved  the  Angle 
AOB  to  be  38.56,  and  therefore  the  Angle  ALB  is 
19.28,  becaufe  an  Angle  at  the  Center  of  a Circle  is 
doubled  to  an  Angle  at  the  Circumference,  by  Euclid , 
Lib.  3.  Prob.  20  j and  therefore  if  from  A to  L be  Weft, 
it  is  plain  that  from  L to  B is  Eaft  19  Deg.  28  Min. 
Northerly,  and  that  is  his  Courfe  from  L to  B. 

Cr,  for  Variety,  if  you  fuppofe  the  Port  at  S to  be  the 
Port  failed  to,  and  that  from  A to  S is  Weft,  then  from  S 
toB  will  be  Eaft  19  Deg.  28  Min.  Northerly  as  before, 
for  the  Angles  ALB  and  ASB  are  equal,  as  is  fufficient- 
ly  demonftrated  in  Euclid's  Elements  in  the  foremen- 
tioned  Proportion. 

Queftion  the  Third. 

A Fleet  of  Ships  with  four  Men  of  War , with  Wind  at 
W.  by  S.  fails  away  S.E.  3 Miles  an  Hour , till  hearing  of 
fame  Pyrates  to  the  Northward  from  them , the  Commodore 
fends  out  a Man  of  War  a Cruifing , who  fails  due  North  7 
Miles  an  Hour,  for  the  Space  of  1 1 Hours,  and  finding  the 
Pyrate,  he  ( after  an  Hours  Conflict ) took  him,  the  Fleet  all 
the  while  failing  S E.  3 Miles  an  Hour.  Now  I demand 
what  Courfe  the  Man  of  War  and  the  Pyrates  muft  fleer , 
that  they  muft  juft  fall  in  with  the  Fleet,  without  altering 
their  Courfe,  fuppofe  they  fail  7 Miles  an  Hour. 

Fig-  77- 

Geometrical  CcnftruBion. 

Firft  draw  the  North  and  South  Line  CA  continued  to 
B,  then  from  A (the  Place  where  the  Fleet  was  when 
they  heard  of  the  Pyrates)  fet  off  the  S.E.  Line  AE-, 
then  becaufe  the  Cruifing  Man  of  War  failed  7 Miles 
an  Hour  North,  for  1 1 Hours,  viz.  77  Miles : Set  off 
77  Miles  from  A to  B,  alfo  becaufe  the  Commodore 
failed  3 Miles  an  Hour  in  1 1 Hours  that  the  Man  of 
War  was  in  Chafe,  and  the  one  Hour  that  he  was  en- 
gaged, in  all  12  Hours,  which  at  3 Miles  an  Hour  is 
36  Miles  S.E.  which  fet  from  A to  D,  then  is  the  Com- 
t modore 
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modore  at  D,  and  the  Cruizer  at  B,  when  the  Cruifer 
fet  fail  after  the  Commodore:  Now  becaufe  the  Line 
AE  is  South  Eaft,  or  45  Degrees,  the  Angle  BAD  is 
135  Degrees,  the  Side  AB  is  77,  and  the  Side  AD  36, 
you  may  find  the  other  Angles  by  Cafe  the  fourth  of 
Oblique  Plane  Triangles,  thus, 

Co.  Ar. 

As  the  Sum  of  the  Sides 1 13  — 7-94693 

To  Difference  of  the  Sides  — 41  — 1.61278 

So  Tangent  half  Sum  unknown  Angles  22.30  9.61 7 22 

To  Tangent  of  half  Difference  8.33  9.17693 

Hence  the  Angle  A B D is  13.57  and  the 
Angle  ADB  is  31.3,  to  find  the  Side  BD  by  Fig.  77. 
Cafe  the  Second  of  Oblique  Plane  Triangles. 

Co.  Ar. 

As  S.  ADB  3 1-3  0.28753 

To  Side  AB- 77  1.88649 

SoisS.  BAD 135-°  9 8494» 


To  Side  BD 105.5  2.02350 

Alfo  the  Angle  ADB  being  31.3,  the  Angle  B D E 
muft  be  148.57,  and  although  the  Sides  BE  and  DE  be 
not  given,  yet  their  Proportion  to  each  other  is  given, 
viz.  as  7,  is  to  3 ; fo  is  BE,  to  DE,  therefore, 

Co.  Ar. 

As  Side  BE 7 9-I549* 

To  Sine  of  A ngle  oppofite  BDE  148.57  — 9-7I247 
So  is  Side  DE  3 0.47712 


To  Sine  of  Angle  oppofite  DBE  12.46  — 9.34450 

The  Angle  BDE  being  148.57,  and  DBE  12.46. 
DEB  muft  confequently  be  18.17,  t^ien  Y?u  ^ave 
given  the  Angle  BED  and  BDE,  and  the  Side  B D 

to 


Digitized  by  Google 


3 5°  Pleafant  and  Vfeful  Que /lions. 

to  find  the  Side  BE,  the  Diftance  failed  by  the  Cruilcr 
before  he  met  with  the  Fleet. 

• Co.  Ar. 


As  Sine  BED  — 18.17  — — 0.50347 

To  Side  oppofite  DB  — . 105.5  — — 2.02325 
So  Sine  of  BDE  — — 148.57—  — 9.71247 


To  Side  oppofite  BE  — 173-4  — — 2.23919 


The  whole  Angle  ABE  26.43  *s  the  Courfe  from  the 
South  Eaftward,  or  S.3.E,  4d.  13  m.  Eafterly  the  Cruifer 
muft  fail  to  fall  in  with  the  Fleet,  and  his  Diftance  1 73,4 
Miles  before  he  comes  in  with  them,  which  at  7 Miles 
an  Hour,  would  require  24  Hours  48  Min.  nearly  in 
which  Time  he  will  fall  in  with  the  Fleet. 

Queftion  the  Fourth. 

Plate  8.  Fig.  78: 

Two  Ships  from  one  Port  fails  between  the  South  and 
Weft ; the  Weftermoft  Ship's  Departure  was  47  Leagues 
more  than  the  Eaftcrmoft,  and  the  Eaftermoft  Ship's  Diffe- 
rence of  Latitude  was  30  Leagues  more  than  the  Wefter- 
moft. Their  Diftance  was  equal , namely  1 1 5 Leagues,  I 
demand  both  their  Courfes , Difference  of  Latitude  and  De- 
parture, according  to  Plane  Sailing. 

Geometrical  Conftrufiion.  . ' 

Draw  the  North  and  South  Line  GC,  and  Perpendi- 
cular thereto  the  Line  DH,  to  cut  GC  at  Right-angles 
in  E (both  drawn  at  Length  at  Pleafure)  from  the  In- 
terfe&ion  at  E upon  the  Line  DH  fet  the  Difference  of 
the  Departure  47  from  E to  D,  (towards  the  Left  hand, 
becaufe  the  Ship  fails  in  the  South  Weft  Quarter)  and 
the  Difference  of  their  Latitudes  made  good,  viz.  30 
from  E to  C,  fo  (hall  D rcprefent  the  Weftermoft  Ship, 
and  C the  Place  of  the  Southermoft.  Take  the  Dif- 
tance 
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tance  1 1 5 Leagues  in  your  Compaffes,  and  fetting  pne 
Foot  in  D deicribe  the  Arch  A,  and  with  the  fame  Ex- 
tent, and  one  Foot  in  the  C crofs  the  fame  Arch  in  A, 
then  is  A the  Place  the  Ship  failed  from.  Draw  the 
Line  AB  parallel  to  GC  to  cut  DPI  in  H,  and  from  C 
draw  CB  parallel  to  DH.  Alfo  draw  the  Perpendicular 
AL,  to  divide  the  Ifcofceles  Triangle  ADC  into  two 
Right-angled  Triangles  ALC  and  ALD,  and  then  is 
the  Diagram  finifhed. 

Arithmetical  Calculation. 

In  the  Triangle  DEC  is  given. 

The  Difference  of  their  Departures  DE  — — 47. 

The  Difference  of  their  N.ing  and  S.ing  EC  — 30. 

To  find  the  Angles  by  Cafe  6,  and  the  Hypothenufc  by 
Cafe  7. 

And  firft  for  the  Angles  by  Cafe  VI. 


As  DE  — — — > — 47  — — 1.67209 

To  Radius  — — — — 90  ■ — — io.coooo 

So  is  EC  — — — — 30  — — 1.47712 

« - - 

To  Tang,  of  the  Angle  CDE  32  33  — 9.S0503 

1 

For  the  Hypothenufe  DC,  by  Cafe  7. 

As  Sine  of  the  Angle  EDC  — 32d.  33m.  — 9.73081 
To  Side  EC  — — — — 30  — 1.47712 

So  Radius  — — — . — 90  — — 1000000 

To  the  Hypothenufe  DC  — 55.8  — 1.74631 


The  Ifcofceles  Triangle  DAC  being  divided  into  two 
Right-angled  Triangles  by  the  Perpendicular  AL,  there 
is  given  in  the  Right-angled  Triangle  ALC,  die  S>de 
LC  (half  of  DC)  27. 9,*  the  Hypothenufe  AC  1 1 t,  to  find 
the  Angle  ACL  by  Cafe  4. 
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10.00000 
i.4456° 

To  the  Sine  of  the  Angle  LAC,  14^.  3m.  — 9.38491 

The  Angle  LAC,  14c!.  3m.  fubtradled  from  90, 
leaves  the  Angle  LCA,  75.57. 

The  Angle  CDE  is  32c!.  33m.  which  fubtradted  from 
90,  leaves  the  Angle  DCE,  57d.  27m. 

From  the  whole  Angle  DCA  (LCA)  75d.  57m. 
Subtract  the  Angle  DCE  57  2 7 


Refts  the  Angle  ECK  - — 18  30 

The  Angle  ECK,  is  equal  to  the  Angle  CAB  ; be- 
caufe  AB  and  EC  are  parallel,  Euclid  Lib.  2.  Prop.  29. 
Therefore  in  the  Triangle  ABC  is  given  AC  1 1 5,  to 
find  AB  the  Difference  of  Latitude,  and  BC  the  Depar- 
ture of  the  Southermoft  Ship,  hy  the  firft  Cafe  of  Plane 
Sailing.  ■*' 

As  Radius  - ■ 90  — — - 10.00000 

TotheDiftance  115  • 2.06069 

So  is  Sine  Comp.  Courfe  - 7 id.  30m.  9*97695 
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As  AC  — 
To  Radius 
So  LC  — 
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To  Diff.  Lat. 


109  - 2.03764 

For  the  Departure  BC. 


As  Radius  — — 
, To  the  Diftance 
So  Sine  of  the  Courfe 


90  — 10.00000 

115  — 2.06069 

i8d.  30m.  9 50147 


To  the  Departure  BC  . . 1.56216 

The  firft  Ship’s  Courfe  is  South  i8d.  30m.  Weft, 
, i o which  add  the  whole  Angle  DA C 28  06 
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The  Sum  is  the  fecond  Ship’s  Courfe  DAH,  which 
is  South  46  36  Weft. 

The  firft  Ship’s  Diff.  Lat.  is  AB  < — 109 

From  which  fubtratt  the  Excefs  HB 

equal  to  EC  — — — — - — 30 


Refts  the  fecond  Ship’s  Diff.  Lat*  AH  — 79 
The  firft  Ship’s  Departure  is  CB  equal 

to  EH  • ■ ■ — ■ ■ 1 — - — « 

To  which  add  DE  the  Excefs  ■ 47 


Sum  is  the  fecond  Ship’s  Depart.  DH  — — 83^ 

f Courfe  South  1 8d.  30m.  Weft 
Firft  Ship’s<  Difference  of  Latitude  — — 109 
(Departure  — . ..  3 6\ 

f Courfe  South  46d.  36m.  Weft 

Sec.  Ship*s<  Difference  of  Latitude  • 79 

(Departure  — — - ■ • — 83$ 


Quejiion  the  Fifth. 

The  Diftance  and  Difference  of  Latitude  in  one  Sum 
given,  and  the  Departure  alfo  given,  to  find  the  Courfe, 
and  alfo  the  Difference  of  Latitude  and  Diftance  fe- 
verally. 

Example. 

Let  the  Diftance  and  Difference  of  Latitude  together 
be  140,  and  the  Departure  79,  to  form  the  Triangle, 
and  find  as  above. 


Geometrical  Conjlruftion. 

Draw  the  Right-line  AC  140,  equal  to  Plate  8. 
the  Sum  of  the  Diftance  and  Difference  of  Fig.  79. 
Latitude,  and  at  the  End  thereof  c draw 
c d,  Perpendicular  to  A c,  upon  which  fet  off  the  Depar- 

A a turc 


* 
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ture  79  from  c to  d,  and  draw  Ad,  which  divide  into  two 
equal  Parts  in  g , and  from  g,  ereft  the  Perpendicular 
p b to  cut  Ac  fomewhere  in  b,  and  from  b , draw  b d,  and 
then  is  the  Diagram  finifhed,and£  r is  the  Difference  of 
Latitude  b'd  the  Diftance,  and  c d the  Departure. 

Demonftration. 

For  the  Triangles  A g b and  dg  b are  alike  and  equal* 
(Euclid.  Lib  i.  Prob.  24.)  becaul'e  A g is  equal  to  g d by 
Conftru&ion,  and  g b is  common  to  both  Triangles, 
hence  d b is  equal  to  Al,  and  the  Angle  g A b equal  to 
that  ofg  b,  but  the  Angle  dbc  is  equal  to  both^  A b 
and  gdb  ( Euclid  Lib.  1.  Prob.  32.)  therefore  dAc  (g  A b 
is  jult  half  the  Angle  of  the  Courfe  from  the  Meridian) 
and  from  hence  we  may  form  this  univerfal  Proportion 
for  the  Solution  of  Queftions  of  this  Data. 

As  Diftance  and  Difference  of  Latitude  in  one  Sum  : 
To  Radius  : : Departure  ••  the  Tangent  of  half  the 
Courfe,  which  Angle  doubled  is  the  Courle  required, 
and  the  reft  is  found  by  Cafe  the  Third  of  Plane  Sailing. 


Example. 

As  Dift.  and  Diff.  Lat.  together  ■ 

To  Radius  

So  Departure — 

To  Tangent  of  — 

Which  doubled  is  — 

required. 

’Then, 


— 140  — 2. 14612 

— 90  — 10.00000 

— 79  — 1.89762 


29  26  — 9 75150 
5 8 52  the  Courle 


As  Sine  of  the  Courfe 

To  Departure 

So  Radius  ■—  — 


To  the  Diftance 


58  52 

- 79 


— 90 


■ 9-93245 

■ 1.89762 
10  00000 


92  3 ~ 


1-965,7 

And,' 


Digitized  by  Google 


355 


Pleafant  and  Uftfi/l  Que (lions. 


Andy 


As  Radius  

90  — 

10.00000 

To  the  Diftance  

92-3  ~ 

1.96520 

So  Sine  Comp,  of  Courfe 

318  - 

9 7'35l 

To  Diff.  Latitude  

47-7 

1.67871 

The  Truth  hereof  may  be  further  proved 

by  adding 

the  Difference  of  Latitude 

47  : 7 

To  the  Diftance  

92  : 3 

The  Sum  is  — 

— — 140  : 0 

agreeing  with  what  was  firft  given,  and  proving  the 
whole  to  be  right.  » 

Queftion  the  Sixth. 


Diftance  and  Difference  of  Latitude  in  one  Sum  given, 
with  the  Courfe  alfo  given  to  conltrudt  the  Diagram  to 
find  each  feverally. 

We  refer  in  this  to  the  Figure  of  the  laft  p,  _ 
Queftion,  it  being  the  fame  when  finifhed.  ,5  6 ' 

Let  it  be  given  as  before,  viz.  Diftance  and  *%’  ?9* 
Difference  of  Latitude  in  one  Sum  140,  and  the  Courfe 
South  58d.  52m.  Weft,  to  find  the  reft. 


Geometrical  Conjlruftion. 

Draw  Ac  140,  at  c erett  the  Perpendicular  c d at 
Pleafure,  make  the  Angle  at  A equal  to  2gd.  26m.  (viz. 
half  the  given  Angle  58ft.  52m  ) and  draw  A d to  cut 
d c in  d\  divide  A d into  two  equal  Parts  in  g,  and  draw 
g b Perpendicular  to  A d , and  to  cut  A c in  by  draw  b d 
and  then  the  Scheme  is  finifhed,  the  Demonftration 
of  which  is  the  fame  as  Queftion  the  Fifth. 

Arithmetical  Calciilaticn. 

The  Angle  cbd  is  58d.  52m.  therefore  c db  is  31  d. 
8m.'  to  which  add  b dg  (equal  to  b A g)  K)&.  26m.  the 
Sum  6od.  34m.  is  the  whole  Angle  A d r,  therefore, 

A a 2 As 


9 
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Co.  Ar. 

As  Sine  of  A dc  6od.  34m  006002 

To  Side  oppofite  i4o  2.14612 

So  Sine  of  d A c — — 29  26  — 9.69x44 


To  Departure  c d 79  . 1.89758 

The  Diftance  and  Difference  of  Latitude  is  found  as 
in  Quejlion  the  Fifths  and  need  not  be  here  repeated. 

Quejlion  the  Seventh. 

Given  all  the  three  Sides,  viz.  Diftance,  Difference  of 
Latitude  and  Departure  in  one  Sum,  the  Courfe  alio 
given  to  form  the  Scheme,  and  find  each  feverally. 

Suppofe  the  three  Sides  in  one  Sum  be  157,  and  the 
Courfe  South  3 2d.  Weft. 


Geometrical  Conjlruftion. 

pj  1 Draw  the  Line  abed  157,  and  from  a draw 
j.  a * ' ae,  to  make  with  a d , an  Angle  of  1 6 Degrees, 
z^'  °'  (equal  to  half  the  given  Courfe)  alfo  from  d 
draw  de  to  make  with  ad  an  Angle  of  45  (always)  at 
d,  and  continue  de  till  it  cut  ae  in  e.  From  e let  fall  the 
Perpendicular  e c upon  the  l.ine  a d , divide  a c into  two 
equal  Parts  in  g , and  from  g draw  g b perpendicular  to 
a e , and  to  cut  a d any  where,  as  in  by  and  draw  b e,  and 
the  Diagram  is  finifhed. 


Dcmonjlrat'ion. 

The  Triangle  agb  and  egb  are  fimilar,  (Euc.  Lib.  1. 
Prob.  24.)  becaufe  eg  is  equal  to g a by  Conftruftion, 
and£^  is  common  to  both  Triangles,  and  the  Angles 
eg  b,  and.  agb  are  right-,  therefore  gab  is  equal  to 
g eb,  but  both  thefe  Angles  together,  are  equal  to  the 
Angle  e b c,  (Euclid  Lib.  1.  Prob.  32.)  and  fince  the 
Angle  a eb  (gab)  is  half  the  given  Courfe  by  Conftruc- 
tion  ; eb  c is  the  true  Courfe,  and  consequently  eb  equal 

to 
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b a the  true  Diftance,  and  becaui'e  c d is  the  Remain- 
der of  the  whole  Line  that  includes  all  the  three,  the 
Departure  muft  be  equal  to  it,  and  therefore  the  Line  de 
is  drawn  at  the  Angle  of  45  with  da  (d  c)  becaui'e  e c is 
to  be  equal  to  cd , and  then  is  ab  proved  equal  to  be , and 
be  is  the  Difference  of  Latitude  in  the  Queftion  : Alfo 
ec  is  equal  to  c d,  becaui'e  their  oppofite  Angles  are  e- 
qual : Therefore  the  three  Sides  of  the  Triangle  bee  ar« 
equal  to  the  whole  Line  a d,  and  the  Angle  ebc  is  equal 
to  the  given  Courfe  32  Degrees,  which  was  to  be  de- 
monftrated. 


Arithmetical  Calculation. 

We  may  obferve,  that  the  Angle  geb  equal  to  gab, 
is  half  the  Courfe,  and  bee  is  the  Complement  of  the 
Courfe,  and  c ed  is  an  Angle  of  45  Degrees,  and  thefe 
three  include  the  whole  Angle  a e d in  the  Triangle  a e d, 
from  whence  we  may  deduce  this  general  Proportion, 
for  all  Queftions  of  this  Data. 

Add  half  the  Courfe,  the  Complement  of  the  Courfe, 
and  45  Degrees  together,  and  fay, 

As  the  Sine  of  thofe  three  Sums  is  to  the  Sum  of  the 
three  Sides;  fo  is  the  Sine  of  half  the  Courfe,  to  a fourth 
Term.  And  as  Radius  is  to  that  fourth  Term  ; fo  is 
the  Sine  of  45  to  the  Departure. 

The  Courfe  being  given,  and  the  Departure  thus 
found,  the  reft  may  be  obtained  by  the  Common  Cafes 
, of  Plane  Sailing. 

Example  in  the  prefent  Queftion. 


d.  m. 

Half  the  Courfe  g e b equal  to  g a b — 16  o 

Complement  of  the  Courfe  b e c 58  o 

Angle  c e d equal  to  e d c 450 


Sum  is  the  whole  Angle  ae  d - ■ - — 1 19  o 

A a 3 * ‘then. 
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\ 

Then , 

1 

Co.  Ar. 

As  Sine  of  a e d ■ ■ • 

1 1 9d.  om. 

— — 0.05818 

To  Side  oppofite  ad  — 

. 157  

2.1959° 

So  Sine  of  the  Angle  a 

16.0  • 

9-44°33 

To  Side  oppofite  e d — 

49  5 

— — 1.69441 

Then  in  the  T riangle  e c d. 

As  Radius  -■  ■ ■-  90  — — 10.00000 

Toed  49-5  — 1.69460 

So  Sine  of  e d c ■■  ■ ■■  45.0  — — — 9.84948 

To  Departure  e c 35  — 1.54408 

' In  the  Triangle  ebc  is  given  the  Courfe  ebc%i&. 
om.  and  the  Departure  ec  35,  to  find  the  Diftance  b e, 


As  Sine  of  the  Courfe 

32d.  om.  — — 

9.72421 

To  Departure  

35  ■ 

i. 54406 

So  Radius  <— — • 

90  — — 

10.00000 

To  the  Diftance  be  — 

66  

J. 81985 

From  the  Difference  of  Latitude. 

As  Radius  — — 

00  ■ 1 

IQ. OOOOO 

To  the  Diftance  he  — 

66 

I.8f954 

So  Sine  Comp,  of  Courfe 

58d.  om.  - — 

.9.9284a 

To  Diff.  Latitude  be  — 

56  * — — 

I.74796 

Diftance  

66 

Diff.  Lat. 

56 

Departure  — 

35 

Sum  — ■ - 157  as  was  firft  given; 

From 
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From  what  hath  been  faid,  we  may  reduce  a general 
Rule  for  folving  all  Queftions,  whether  in  Right-angled, 
or  Oblique-angled  Triangles,  where  the  three  Sides  in 
one  Sum  are  given,  and  the  Angles  alfo  are  given,  viz. 

Draw  a Line  in  Length  equal  to  the  three  Sides  in  one 
Sum,  and  from  one  End  thereof,  draw  a Line  to  make 
with  the  former,  an  Angle  equal  to  halt  ot  any  of  the 
given  Angles;  alfo  from  the  other  End,  draw  a Line 
to  make  with  the  firft  an  Angle  equal  to  halt  of  another 
of  the  given  Angles;  continue  thefe  Lines  till  they  in- 
terfett  each  other,  then  for  the  Middle  of  each,  draw  a 
Perpendicular  to  cut  the  firft  Einc,  then  Lanes  drawn 
from  the  Interfeclion  of  the  Perpendiculars  to  the  firft 
Line,  to  the  Interfedion  of  the  two  Lines,  drawn  from 
the  End  of  the  firft,  (hall  form  the  Triangle  required, 
whether  Right-angled  or  Oblique. 

Example. 

Quejiion  the  Eighth. 

There  is  an  Oblique  Triangle,  whofe  three  Sides  in 
one  Sum  is  120,  and  the  three  Angles  are  40,  60,  and 
80,  the  Sides  are  required  feparately. 


Geometrical  ConJlruP.ion. 

Draw  the  Line  a d 120,  the  Sum  of  the  piafe  g 
Sides,  and  from  a draw  af , to  make  wit  p. 
ad  an  Angle  of  30  Degrees,  viz.  half  the 
Angle  60,  and  from  d draw  if , to  make  with  d a an 
An »le  of  40  Degrees,  viz.  half  the  Angle  80,  continue 
d / t ill  it  cut  af  in/-,  divide  fd  and  fa  equally  m * and 
jr,  and  draw  the  Perpendiculars  ec  and  g b,  to  cut  ad 
in  l and  r,  from  b draw  b /,  and  from  c draw  c /,  then  is 
b cf  the  Triangle  required. 


Demovjlration. 

For  the  Angle  f cb\s  double  to  fdc,  becaufe  equal  to 
tfe  and  cde  together  (Euclid  Lib.  1.  Prob.  32.)  and 


A a 4 


the 


f 
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the  Angle  cf  e is  equal  to  c d e,  becaufe  their  oppofite 
Sides  are  equal;  but  the  Angle  fdc  is  40  Degrees  by 
Conftru&ion,  therefore  f c b is  80  Degrees.  By  the 
fame  Rule  f b c is  60  Degrees,  becaufe  fab  is  30  by 
Conftruftion ; therefore  bfc  is  40  ( Euclid  Lib.  1.  Prob. 
32.)  and  becaufe  a b is  equal  to  b /,  and  c d equal  to  cfy 
therefore  be,  cf  and  fl  taken  together,  will  be  equal  tq 
the  kine  a d\  and  If  c is  the  Triangle  required: 

Arithmetical  Calculation. 


Hence  as  the  Sine  of  one  Angle,  added  to  half  the 
other  two,  to  the  Sum  of  the  three  Sides ; fo  is  half  one 
of  the  other  Angles  to  a fourth  Term : Then  as  the 
Supplement  of  the  other  Angle  is  to  1 80,  is  td  that  fourth 
Term ; fo  is  the  Sine  of  half  the  faid  Angle,  to  the  Side 
next  it. 

Example. 


The  Angle  afl  is  half  / b c,  becaufe  fab  is  half 
flc  by  Conftruttion ; and  a fl  is  equal  to  fa  l,  becaufe 
their  oppofite  Sides  are  equal,  and  for  the  fame  Reafon 
cf  d is  half  f cl\  but  a fl  with  If  c and  cfd  make  the 
whole  Angle  a fd ; then  as  the  Sine  of  afd,  to  Side  a d 
(the  three  Sides  in  one  Sum)  fo  is  the  Sine  of  fad  30, 
(becaufe  half  of  flc  by  Conftrudfton)  to  theSide/</; 
then  as  Sine  of  fed  (the  Supplement  of  f c l to  1 80)  is 
to  f d\  fo  is  the  Sine  offd  c 40  Degrees  to  the  Side / cx 
which  being  found  the  reft  are  alfo  eafily  found. 

Operations . 


As  Sine  of  afd 
To  Side  ad 
So  Sine  of  fa  d 

To  Side/ d • 


i iod:  ©m. 

— — 0.02701 

120  — 

2.07918 

30.0  — 

9.69897 

63.$  T- 

— — 1.80516 

As 
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Pleafant  and  Ufeful  QyeJHons 


As  Sine  of  fed 
To  Side  / d - 
So  Sine  of/  d c 

To  Side  f c •>- 


lood.  om. 

63. 8 — 

40.0  — 

417  — 


AsSineof/£r  — — 6od.  om. 

To  Side  f c 

So  Sine  off  c £ — 

To  Side  / £ 


41.7 

80.0 


As  Sine  offbc 
To  Side  f c — 
So  Sine  b c f 


To  Side  £ c 

The  Side/£ 
The  Side  f c 
The  Side  b c 

Sum 


47-4  — 

6od.  om: 
41.7  — 

40.0  — 

30.9  — 


47-4 

41.7 

309 

120.0 


361 

Co.  At. 
0.00665 
1.80482 
9.80806 

1.6*953 

Co.  Ar . 
0.06247 
1.620x3 
9 993  35 

l'6?595 

Ca.  Ar. 
0.06247 
1.62013 
9.80806 

1.49066 


The  Sum  120,  agreeing  with  what  was  given,  which 
ferves  as  a Proof  of  the  whole  Work. 


CHAP. 


? 
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chap.  x. 

A 

New  and  Exa£l  Method, 

For  finding  the  Longitude  in  any  Place 
of  the  World,  any  Day  at  Noon,  when 
the  Sun  can  be  feen,  without  any  Re- 
gard to,  or  Dependance  upon  the  Dead 
Reckoning. 

• » 

« "S  H E often  attempted,  but  never  accomplifh’d 
Work  of  finding  the  Longitude  by  an  Ob- 
Ja  fervation  is  a Difficulty,  which  hath  hitherto 
prov’d  infuperable,  even  to  the  beft  Mathematicians  in 
England,  and  elfewhere,  although  fince  the  late  A£t  of 
Parliament,  many  have  exerted  their  utmoft  Induftry 
for  the  attaining  of  that  End,  fome  of  whom  have  been 
fo  far  from  compleating  their  intended  Defign,  that 
they  have  on  the  other  Hand,  rather  rendered  them- 
felves  and  their  Works  ridiculous,  by  pubhfhing  fuch 
Improper  and  Improbable  Methods,  as  a certain  Ar- 
tift  hath  done,  (if  he  deferves  that  Name)  by  certain 
fixed  Stars  chofen  for  each  Time  of  the  Year,  Cdc. 

Whereas 


f 
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Whereas  it  is  evident,  that  a fixed  Star  may  come  up- 
on the  Meridian  of  any  Place,  at  (or  near)  the  fame  Hour 
of  the  Day,  that  the  lame  Star  fliall  come  upon  the  Me- 
ridian of  London , although  not  at  the  fame  Inftant  of 
Time,  but  fooneror  later,  3,  4,  5,  or  6 Hours,  &c.  ac- 
cording as  the  Place  is  more  or  lefs  diftant  Eaft  or  Weft 
from  the  Meridian  of  London : But  if  there  be  that  Dif- 
ference in  Hours  as  to  the  Time  of  a Stars  coming  up- 
on thele  two  different  Meridians,  there  is  alfo  the  fame 
Difference  in  flours  between  the  Time  of  the  Day  or 
Night  at  London , and  that  under  that  Meridian;  a South 
Sun  in  both  Places  making  11  o’Clock;  and  ’tis  very 
evident  that  at  the  fame  Time  of  the  Day  or  Night, 
that  the  Star  comes  upon  the  Meridian  of  London , it 
fhall  be  the  fame  Time  of  the  Day  or  Night  under  any 
other  Meridian,  when  the  Star  comes  upon  that  Meri- 
dian, excepting  fo  much  as  the  Sun’s  Right  Afcenfion 
is  increafed  in  the  Time  of  the  Sun’s  paffing  from  one 
Meridian  to  the  other,  which  will  caufe  the  Star  to  come 
fomuch  fooner  upon  a Wefterly  Meridian  than  upon  an 
Eafterly  : But  this  being  fo  little,  being  but  about  4 
Minutes  of  l ime  in  24  Hours,  or  360  Degrees  of  Lon- 
gitude, and  but  1 Minute  of  Time  in  90  Degrees,  it  is 
imperceptable  ; and  yet  (that  fmall  Allowance  excepted) 
there  is  no  Difference  between  the  Hour  of  any  fixed 
Star’s  coming  to  the  Meridian  of  London , and  the  Hour 
of  the  fame  Star’s  coming  upon  any  other  Meridian,  be- 
caufe  the  Sun’s  Motion  makes  the  Hour  of  the  Day, 
and  the  Star  mull  needs  come  upon  the  Meridian  the 
fame  Quantity  of  Time  after  the  Sun  in  both  Places. 
Indeed,  it  we  could  certainly  know  what  Time  of  the 
Day  or  Night  it  is  at  London,  when  the  Sun  or  any  known 
Star  is  upon  the  Meridian  of  any  other  diftant  Place, 
the  Longitude  might  be  eafily  and  exactly  found ; in 
order  to  which  let  the  Matter  provide  a good  Glafs, 
which  may  run  exactly  24  Hours,  or  rather  a good 
Watch,  that  hath  been  obferv’d  alhore,  to  keep  a true 
and  equal  Motion,  this  Watch  fet  to  the  Time  of  Day 

when 


) 
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•when  you  depart  from  any  known  Meridian,  and  kept 
going,  will  fhew  the  Difference  of  Longitude,  that  you 
make  whether  Eaft  or  Weft;  for  Example,  if  you  fail 
Weftwards,  obferve  juft  when  the  Sun  is  upon  the  Me- 
ridian, and  fee  what  Hour  and  Minute  it  is  by  your 
Watch,  (which  if  you  fail  Weftward  it  will  be  paft  12) 
for  thefe  Hours  and  Minutes  which  the  Watch  is  paft 
12  when  the  Sun  is  upon  the  Meridian,  reduced  to 
Degrees  and  Minutes  of  the  Equator, allowing  1 5Degrees 
to  one  Hour,  and  one  Degree  to  every  4 Minutes  of 
Time,  and  15  Minutes  of  Longitude  to  one  Minute  of 
Time,  fhall  fhew  the  true  Difference  of  Longitude. 

Notes  If  you  fail  Eaftward,  your  Watch  will  want 
fomething  of  12  o’Clock,  when  the  Sun  is  upon  the 
Meridian,  becaufe  then  you  meet  the  Sun,  and  have 
him  upon  your  Meridian,  before  he  comes  upon  the 
Meridian  of  London  •,  in  this  Cafe  obferve  how  much 
your  Watch  wants  of  12  o’Clock,  and  that  reduced  as 
before,  gives  your  Difference  of  Longitude  Eafterly : 
This  in  general  is  the  Method  that  I fhall  recommend 
to  the  World  for  this  End; 

But  I know  it  will  be  prefently  objected,  that  this  is 
no  new  Thing,  nor  is  it  pra&icable  at  Sea  ; for  fome 
that  have  attempted  to  keep  an  Account  of  their  Lon- 
gitude this  Way,  have  found  themfelves  in  an  Error,  not 
finding  the  Difference  between  the  Watch  and  the  Sun, 
when  reduced  as  above,  to  give  the  Difference  of  Lon- 
gitude which  they  were  (for  fome  Reafons)  pretty  con- 
fident they  had  made,  and  this  Error  they  impute  to  the 
Watch,  and  hence  have  inferred,  That  a Watch  will 
not  go  fo  truly  and  regularly  at  Sea  as  on  Shore,  by  rea- 
fon  of  the  fait  moift  Air  that  impedes  its  Motion  or 
makes  it  uncertain,  according  to  the  Variablenefs  of  the 
Weather,  and  thereby  renders  this  Method  for  finding 
the  Longitude  impracticable. 

I anfwer,  I do  not  believe  at  all  that  this  Error  is 
to  be  imputed  to  the  Watch,  if  carefully  kept,  which 
you  may  eafily  do,  if  you  provide  a little  fquare  or  round 
. . Box 
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Box  about  four  or  five  Inches  broad,  and  have  it  filled 
with  fine  Cotton,  taking  Part  of  the  Cotton  out,  and 
putting  the  Watch  towards  the  Middle  of  the  Box  up- 
on the  Cotton  you  leave  in  the  Box,  and  put  the  reft 
that  you  took  out  upon  the  Watch,  and  Ihut  the  Box, 
keeping  it  in  fome  dry  Place,  as  in  your  Cabbin,  or  up- 
on fome Shelf  near  your  Bed.  I qellion  not  but  a good 
Watch  fo  kept  would  go  as  true  at  Sea  as  a-lhore. 

But  I fuppofe  the  Error  which  hath  been  obferv’d, 
and  which  hath  caul'ed  them  to  defift  from  making  any 
Attempts  to  find  the  Longitude  this  Way,  is  for  Want 
of  a right  underftanding  of  the  Equation  of  Time, 
without  which  it  is  impoflible  to  keep  a good  Watch 
right,  or  even  to  fuppofe  it  fo  to  be  either  at  Sea  or  a- 
ftiorej  fof, a good  Watch  (or  Clock)  divides  the  Time 
equally,  but  the  Sun,  by  Reafon  of  fome  Inequalities  in 
his  Motion  divides  the  Time  unequally ; fo  that  if  the 
Sun  and  a true  Watch  be  let  together  at  fome  Times  in 
the  Year,  yet  the  Watch  will  at  other  Times  differ  10, 
12,  yea,  fometimes  16  Minutes  from  the  Time  given 
by  the  Sun,  and  yet  no  Fault  in  the  Watch,  and  there- 
fore it  is  very  evident  that  if  for  finding  the  Longitude 
you  only  obferve  the  Time  of  the  Day  given  by  the 
Watch,  without  regarding  this  Equation,  efpecially 
when  the  Equation  is  great,  as  15  or  16  Minutes,  you 
will  be  fo  much  wrong  in  your  Account  of  Longitude, 
as  thofe  15  or  16  Minutes  reduced  to  the  Equator  a- 
mounts  unto,  viz.  about  4 Degrees  of  Longitude,  which 
is  an  intolerable  Error,  and  might  be  prevented  by  al- 
lowing for  the  Equation  of  Time. 

For  further  Illuftration  hereof,  fuppofe  you  fet  your 
Watch  with  the  Sun  the  1 7th  Day  of  'June , that  the  E- 
quation  is  nothing,  being  in  London  at  the  fame  Time,and 
continue  there  ’till  the  3d  Day  of  November , you  will 
find  your  Watch  to  be  got  16  Minutes  behind  the  Sun, 
from  hence  (if  you  do  not  know  to  the  contrary)  you 
might  by  the  foregoing  Rule  conclude  that  you  had 

altered 
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altered  your  Longitude  4 Degrees  Eafterly,but  if  to  the 
Time  given  by  the  Watch,  you  add  the  Equation  16 
Min.  the  Sun  is  the  true  Time  of  the  Day  by  the  Sun, 
and  proves  you  to  be  under  the  fame  Meridian  that  you 
were  <in  when  you  fet  your  Watch  to  the  Sun  ; the 
Difference  in  Time,  and  confequently  the  Difference  of 
Longitude  being  nothing  at  all. 


A TABLE 
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A f A B L E of  the  Equation  of  'Time. 


Feb.  March  April 


M.  S. 


io  “i  o 


2 47 

3 2 
2 1 6 
3 28 
3 3* 
3 48 
3 58 


4 15 

4 22 
4 28 
4 34 
4 38 
4 42 
4 45 
4 47 
4 48 
4 49 
4 49 
4 48 
4 46 
4 ^44 
4o4> 
4^37 
4^32 

4 27 
4 2 1 
4 15 
4 7 
3 59 
3 50 
3 4' 
3 3' 
3 21 
3 10 


12  47 

1 2 35 
1 2 22 

12  8 

11  54 

1 1 40 

1 1 24 

K 9 
10  54 

10  38 

10  2 1 

iO  4 

9 47 
9H30 
98*3 
8 ?55 
8*37 

8 19 

8 r 

7 43 
7 25 

7 6 
6 47 

6 28 

6 10 

5 5 1 
5 32 
5 1 4 

4 55 

4 36 

4 17 


rf.  s. 

M.  S. 

3 58 

3 14 

3 40 

3 22 

3 '22 

3 3° 

3 3 

3 37 

2 45 

3 43 

2H26 

3 49 

209 

3 53 

1 £5 1 

3 57 

1 ^34 

4 1 

1 17 

4 4 

I 1 

4 7 

0 45 

4 IO 

0 28 

4 1 1 

0 1 2 

4^12 

0 3 

4g  13 

0 18 

4 7,12 

0 33 

4011 

< 

0 48 

410 

1 2 

4 S 

1 16 

4 6 

1 o:zS 

4 3 

0 

1 0 41 

4 0 

I "54 

3 56 

25  6 

3 5' 

2 16 

3 40 

2 27 

3 4° 

2 38 

3 34 

CO 

3 2 

2 57 

3 21 

3 6 

3 4 3 
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a 

*< 

July 

Augufi 

Sept . 

October 

Novem. 

Decern. 

M. 

S. 

M. 

S. 

M. 

S. 

M. 

S. 

M. 

S. 

M. 

S. 

i 

2 

56 

5 

38 

0 

18 

10 

16 

x5 

59 

10 

20 

2 

3 

7 

5 

34 

0 

36 

10 

34 

16 

1 

9 

56 

3 

3 

x9 

5 

30 

0 

55 

10 

52 

16 

0 

9 

32 

4 

3 

30 

5 

26 

1 

1 4 

1 1 

10 

x5 

59 

9 

8 

5 

3 

41 

5 

20 

1 

34 

1 1 

28 

x5 

57 

8 

43 

6 

3 

5i 

5 

x4 

1 

53 

1 1 

45 

x5 

54 

8 

x7 

7 

4 

0 

5 

8 

2 

12 

12 

2 

x5 

5X 

7 

5X 

8 

4 

8 

5 

2 

2 

32 

12 

18 

x5 

47 

7 

25 

9 

4 

x5 

4 

52 

2 

52 

12 

33 

x5 

4i 

6 

59 

io 

4 

22 

4 

46 

3 

l3 

12 

49 

x5 

35 

6 330 

1 1 

4 

29 

4 

37 

3 

33 

*3 

4 

*5 

29 

6 0 

3 

12 

4 

46 

4 

28 

3 

53 

x3 

18 

■ x5 

21 

5 “351 

x3 

4 

53 

4 

18 

4 

14 

•3 

32 

x5 

x3 

5< 

6 

x4 

5?  0 

4H  8 
* 

4^34 

*3$  46 

*5^  3 

4 

38* 

l5 

5 c 

V 7 

3 c 

>57 

4°  55 

x3  0 59 

x4  0 53 

4 

9 

1 6 

5?x3 

3^46 

5?x5 

x4^xx 

*4^41 

3 

40 

‘7 

5P18 

3^34 

5^36 

14^23 

14^29 

3 

10 

1 8 

5 

24 

3 

21 

5 

56 

*4 

34 

x4 

1 7 

2 

40 

‘9 

5 

29 

3 

8 

6 

x7 

14 

44 

x4 

3 

2 

10 

20 

5 

33 

2 

55 

6 

38 

14 

54 

x3 

49 

1 

40 

2 I 

5 

36 

2 

42 

6 

58 

x5 

4 

x3 

34 

1 

1 1 

22 

5 

39 

2 

27 

7 

x9 

x5 

x3 

XS 

x7 

0 

41 

23 

5 

42 

2 

x3 

7 

39 

>5 

21 

x3 

0 

0 

1 1 

24 

5 

44 

1 

58 

7 

59 

x5 

28 

12 

43 

0 

x9 

2 5 

5 

45 

1 

42 

8 

*9 

>5 

34 

12 

24 

0H49 

26 

5 

46 

1 

26 

8 

38 

x5 

40 

12 

5 

18 

19 

27 

5 

46 

1 

9 

8 

58 

x5 

45 

1 1 

45 

x ?49 

28 

5 

45 

0 

52 

9 

18 

x5 

50 

1 1 

25 

2 »i8 

29 

5 

44 

0 

35 

9 

37 1 

x5 

53 

1 1 

4 

2 

47 

3° 

5 

42 

0 

17 

9 

5T 

1 5 

56 

10 

42 

3 

16 

3« 

5 

40 

0 

I 

x5 

58 

3 

45 

* 

This! 
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This  Equation  of  Time  is  caufed  by  an  Inequality  of 
the  Sun’s  Motion  from  Weft  to  Eaft,  according  to  the 
Succeflion  of  Signs;  for  the  l'wifter  that  the, Sun  is  in  his 
Annual  Motion  from  Weft  to  Eaft,  the  flower  he  muft 
be  in  his  diurnal  Motion  from  Eaft  to  Weft,  as  is  plain 
by  the  Figure. 

Suppofe  the  Wheel  A B C D E F to  move 
round  upon  the  Center  G,  once  in  23  Hours,  Plate  9: 
according  to  the  Order  of  the  Letters  ABC,  Fig.  78. 
CsV.  and  in  the  fame  Quantity  of  l ime,  viz.  23 
Hours,  a Snail  creeps  the  contrary  Way,  from  A to  F ; 
now  although  the  Point  A is  come  to  the  Place  where 
it  was,  having  got  once  about,  yet  the  Snail  wants  the 
Space  FA  of  a whole  Revolution,  and  will  not  be  got 
to  the  Top  where  A is,  ’till  A be  got  fo  far  as  the  Point 
y,  which  will  be  about  another  Hour,  and  if  the  Snail  had 
moved  yet  fafter,  lo  that  in  23  Hours  fhe  had  gotfromA 
to  E,  (he  would  have  been  yet  fo  much  longer  in  arriv- 
ing at  the  Top,  viz.  about  25  Hours;  from  hence  it  is 
plain  that  the  fafter  the  Snail  creeps  from  A towards 
F,  E,  &c.  the  longer  fhe  is  in  coming  to  the  Top  of  the 
Wheel  moving  thecontrary  Way;  confequcntly  the  faf. 
ter  the  Sun  moves  from  Weft  to  Eaft  in  his  annual 
Motion  according  to  the  Succeflion  of  Signs,  the  longer 
he  is  in  making  one  diurnal  Revolution  ; and  although 
the  Sun’s  Revolution  from  any  Meridian  to  the  fame 
Meridian  again  always  determines  the  24  Hours,  yet  it 
is  plain  from  hence  that  every  24  Hours  by  the  Sun,  is 
not  exaftly  the  fame  equal  Space  of  Time,  which  in  Pro- 
cefs  of  Time  makes  a fmall  Difference  between  the  Sun 
and  a good  Watch,  to  adjuft  and  redtify  which,  the  afore- 
faid  Equation  of  Time  has  been  inveftigated. 

This  Inequality  of  the  Sun’s  Motion  proceeds  from  a 
Two-fold  Caufe. 

The  firft  Caufe  is  the  Obliquity  of  the  Ecliptick, 
making  an  Angle  with  the  Equator  of  23d. — 29m.  or 
thereabouts ; now  the  Ecliptic  being  properly  an  Ob- 
lique Circle,  the  Poles  of  the  Equator,  and  not  of  the 
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Ecliptic,  being  the  Poles  of  the  World,  and  the  Cen- 
ter of  all  Diurnal  Motion,  the  Right  Afcenfion  of  the 
Sun  mult  be  accounted  upon  the  Equator  : And  hence 
it  is  manifeft,  that  even  tho’  the  Motion  of  the  Sun  in 
the  Ecliptic  was  always  equal,  yet  this  Motion  from 
"Weft  to  Eaft,  or  his  Right  Afcenfion  accounted  upon 
the  Equator,  could  not  be  fo  much,  or  increafe  fo  fall: 
in  Aries  or  Libra,  where  the  Ecliptic  makes  an  Angle  of 
2 3 deg  29  min.  with  the  Equator,  as  in  Cancer  and  Ca- 
pricorn, where  the  Sun’s  Way  in  the  Ecliptic  is  nearly 
parallel  to  the  Equator. 

p.  For  Illuftration  of  w'hat  has  been  faid,  fup* 

& e 9.  p0j*e  tjie  pjne  a BCD  to  reprelent  half  the  E- 
lg‘  79’  quator,  and  the  Arch  AFED,  to  reprefent  half 
of  the  Ecliptic,  now  although  the  Segments  A F,  FE, 
and  E D are  equal,  yet  Perpendiculars  let  fall  from  the 
Points  F and  E upon  the  Line  ABCD,  at  the  Points  B 
and  C,  do  not  divide  that  Line  into  three  equal  Parts, 
from  whence  it  is  plain,  that  the  Sun’s  Right  Afcenfion 
DC  is  not  fo  much  increafed  by  his  running  from  D to 
E,  at  lb  great  an  Obliquity  to  the  Equator,  as  the  Sun’s 
Right  Afcenfion  C 8 is,  in  his  running  from  E to  F, 
where  his  Motion  is  almoft  Parallel  to  the  Equator;  and 
then  if  his  Motion  from  Weft  to  Eaft  be  fwifteft  in  the 
Tropics,  for  the  Reafon  now  given,  his  diurnal  Motion 
muft  he  flower  by  thefirft  Demonftration. 

But  a fecond  Caufe  of  this  Inequality  'is  occafioned 
by  the  Eccentricity  of  the  Sun’s  Orb  (whether  we  allow 
the  Sun  or  Earth  the  Motion  it  matters  not,  but  in  this 
Cafe  we  fhall  impute  the  Motion  to  the  Sun)  which 
moves  in  his  Orb  fometimes  nearer,  fometimes  farther 
off  from  the  Earth,  by  which  Means,-  although  the 
Sun’s  Motion  in  his  Orb  was  always  equal;  yet  it  would 
appear  to  us  to  be  fometimes  fwifter  than  at  other 
Times  from  Weft  to  Eaft,  and  ccnfequently  flower  in 
his  diurnal  Motion,  as  you  lee  demonllrated  in  the  fol- 
owing  Figure. 

As  ’ 
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Plate  9.  Fig.  80. 

In  this  Diagram  fuppofethe  Earth  at  the  Center  E,  a- 
bout  which  is  defcribed  the  Circle  A BCD,  which  is  e- 
qually  divided  into  12  Harts,  at  the  Points  A,  j,2.  B,  3, 
4,  &c.  reprefenting  the  12  Signs  which  in  themfelves  are 
equally  divided.  Now  if  the  Sun  moved  in  the  Circle 
ABCD,  which  is  equally  diftant  from  the  Earth  its  Cen- 
ter at  E,  his  Motion  would  be  regular  and  uniform,  but, 
the  Earth  being  not  the  exadt  Center  of  the  Sun’s  Orb, 
makes  the  Divifion  of  the  Signs,  although  equal  in 
themfelves,  to  appear  unequal  to  us:  For  the  Illuftra- 
tion  of  which,  fuppofe  the  Sun  to  move  in  the  upper- 
moft  Circle,  marked  V,  W,  it,  Sec.  whole  Center  is  at 
the  Mark  O,  and  fuppofe  the  Earth  at  the  Center  of  the 
other  Circle  near  the  Mark  E ; now  although  with  re- 
fpect  to  the  Center  E,  the  Divifion  or  Lines  drawn  from 
thence  are  equally  diftant  in  the  firft  Circle,  yet  thefe 
Lines  continued  to  the  uppermoft  Circle  in  which  the 
Sun  is  fuppofed  to  move,  the  Divifions  upon  that  Circle 
are  very  unequal,  and  therefore  although  the  Sun’s  pro- 
per fimple  Motion  Ihould  be  always  equal,  yet  it  is  very 
plain  that  the  Sun  in  Capricorn  when  neareft  the  Earth, 
(hail  appear  to  us  to  run  more  fwift,  than  when  in  Can- 
cer, in  his  Aphelion  or  greateft  Diftance  from  the  Earth, 
by  reafon  of  the  fmaller  Divifion  of  the  Signs,  not  that 
they  are  really  fo,  but  appear  fo  to  us,  becaufe  of  the 
Nearnefs  of  the  Sun’s  Orb  to  the  Earth,  as  you  fee  the 
Points  V and  arc  diametrically  opposite  to  each  other 
fuppofing  the  Eye  at  the  Center  E,  where  the  Earth  is 
fuppofed  to  be,  and  the  far  greater  Part  of  the  Circle  is 
above  the  Line  V which  yet  contains  but  fix  Signs, 
and  the  farlefler  Part  is  below  that  Line  which  contains 
alfo  fix  Signs,  and  ye<-  the  Signs  equally  divided  upon 
that  Circle,  whereof  the  Earth  is  fuppofed  to  be  the  Cen- 
ter. 

Note-,  I am  not  here  undertaking  to  determine  whe- 
ther the  Sun  or  Earth  be  the  Center  of  the  World,  or 
whether  the  Orbs  of  the  Planets  be  Circular  or  Ellip- 
tical j for  which  Way  foever  it  be,  this  Dcmonftration 
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ferves  to  illuftrate  what  I am  now  upon,  as  to  the  Equa- 
tion of  Time,  and  to  let  the  Reader  fee  fomewhatof  the 
Reafon  thereof,  which  is  all  that  is  expected  from  this 
Diagram. 

Now  the  Occafion  of  this  Equation  being  Two-fold, 
as  is  proved,  it  is  plain,  that  when  both  the  Inequali- 
ties tend  oneWay,  it  alters  the  Equation  fafter;  as 
about  the  Middle  of  December , when  the  Sun  is  neareft 
the  Earth,  he  appears  to  move  fafter  from  IVejt  to  Eaft 
by  the  laft  Demonftration ; and  alfo  Running  then  al- 
moft  parallel  to  the  Equator,  his  Motion  according  to 
the  Succefiion  of  Signs,  mull  be  fwifter,  by  the  fecond 
Demonftration ; and  therefore  his  Diurnal  Motion  or 
Revolution  from  Noon  to  Noon,  mufl:  require  more 
Time,  by  the  firft  Demonftration,  and  confequently  the 
Watches  mufl;  now  go  fafter  than  the  Sun-,  but  in  June , 
although  that  Part  of  the  Ecliptic  in  which  he  is  then, 
lies  nearly  parallel  to  the  Equator,  as  in  December , there- 
by accelerating  his  Eajierly  Motion,  to  our  Appearance ; 
yet  his  Diftance  from  the  Earth  being  then  in  Aphelion , 
helps  to  retard  it,  fo  that  the  Motion  or  Alteration  of 
the  Equation,  is  not  then  fo  evident. 

From  this  inequality,  as  grounded  by  thefe  Two 
Caufes,  are  the  foregoing  Tables  of  Equation  of  Time 
calculated,  which  will  fcrve  for  many  Years,  without 
any  fenfible  Alteration.  Their  Ule  is  fo  plain,  that 
every  Body  may  underftand  it ; for  find  the  Month  at 
the  Top  of  the  Leaf,  and  the  Day  at  the  Left-hand,  and 
in  the  common  Angle  of  Meeting,  you  have  the  Equa- 
tion in  Minutes  and  Seconds',  whether  it  be  too  faft  or 
too  flow;  as  the  Title  [Watch  too  faft]  or  [Watch  too 
flow]  directs. 

And  now  for  the  Application  hereof  to  the  finding  of 
the  Longitude : When  you  fee  Sail,  obferve  in  your 
Table  of  Equation  of  Time,  how  much  the  Watch  is 
too  Faft  or  too  Slow,  and  fet  your  Watch  to  it,  and  not 
exaftly  to  the  Time  of  the  Day,  unlefs  it  be  when  the 
Equation  is  nothing.  As  for.  Example,  Suppofe  I am 
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bound  upon  a Voyage  any  Day,  when  the  Equation 
found  in  the  Table  is  Seven  Minutes,  and  the  Title 
[Watch  too  flow]  I conclude  from  thence,  That  a good 
Watch  fhould  be  feven  Minutes  too  flow,  or  behind  the 
Time  given  by  a true  Sun-Dial,  therefore  I put  my 
Watch  feven  Minutes  behind  Time  given  by  the  Sun. 
As,  Suppofe  I fet  my  Watch  at  12  o’Clock,  1 put  it  to 
53  Minutes  part  1 1,  or  if  I fet  it  at  4,  I put  it  to  53 
Minutes  part:  3,  &c  and  laying  it  carefully  by,  as  before 
directed  it  is  fit  for  the  Voyage. 

Suppofe  my  Watch  fet  at  53  Min.  pad  11,  and  I 
have  fail’d  feveral  Days  to  the  JVeftward  of  the  Meri- 
dian departed  from,  but  whether  Northwards  or  South- 
wards it  matters  not,  finding  the  Sun  juft  upon  the  Me- 
ridian I look  at  my  Watch,  and  find  it  16  Minutes  paft 
3 o’Clock,  and  looking  in  the  Equation  Table,  I find 
IVatch  too  fajt  12  Minutes,  therefore  I lubtraft  12 
Minutes  from  the  Time  given  by  the  Watch,  3 Hours 
16  Minutes,  the  Remainder  3 Hours  4 Minutes,  re- 
duced as  before  direfted,  gives  46  Deg.  o Min.  The 
true  Difference  of  Longitude;  but  if  it  had  been  too 
flow  12  Min.  you  muft  have  added  12  min.  to  3 h. 

1 6 m.  &c. 

N te-.  If  you  fet  you  Watch  exattly  with  the  Sun 
when  the  Equation  is  nothing,  it  will  always  after  that 
hold  the  fame  Equation  found  in  the  fable,  whether 
too  faft  or  too  flow,  and  the  fame  Quantity,  (if  your 
Watch  go  right)  and  that  is  the  Realon,  that  if  you  fet 
your  Watch  when  there  is  Equation,  you  muft  give  it 
the  Equation  anfwering  to  that  Day,  (whether  fwife  or 
flow)  and  then  it  will  alfo  hold  the  fame  Equation. 

If  any  Body  will  object,  that  if  a Watch  proves 
wrong  and  erroneous,  it  may  caufe  a great  Error  to  be 
concra&ed  in  this  Way  of  finding  the  L ongitude  ac- 
cording to  the  Slownefs  or  Swiftnefs  of  the  Watch. 

I anfwer,  That  I agree  thereto;  but  neverthelefs  when 
Watches,  as  well  as  other  Inftruments,  are  made  by  a 
good  Workman,  and  fold  to  a Gentleman  for  good  and 
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l'ubftantial,  it  is  commonly  expe&ed  that  they  fhould 
anfwer  the  End  for  which  they  are  made  and  bought  -y 
and  if  we  will  fuffe’r  this  Objedlion  to  prevail  yet  farther, 
I anfwer,  that  with  Refp&ft  to  the  Latitude  it  may  as  well 
be  urged,  that  if  our  Quadrants,  Fore-ftaves,  or  other 
Inftruments  for  that  Purpofe  were  made  wrong,  we 
fhould  be  much  deceived  in  our  Obiervations  for  the 
Latitude,  and  yet  how  few  upon  fuch  Suppofuions  will 
foolifhly  defift  from  the  Ufe  of  thofe  Inftruments  for  at- 
taining the  Latitude ; nay,  fo  far  are  they  from  that, 
that  when  they  find  any  apparent  Fault  in  a Quadrant, 
they  will  obferve  carefully  what  the  Fault  is,  whether 
Northerly  or  Southerly,  and  how  much,  thereby  to  re- 
gulate their  future  Obiervations ; and  when  all  is 
done,  you  ftiall  rarely  find  where  there  are  many 
Quadrants,  or  many  Obfervers  aboard  of  one  and  the 
fame  Ship,  and  obierving  at  one  and  the  fame  Time, 
that  all  their  Obiervations  fhail  be  exactly  the  fame,  but 
differ  fometimes,  6,  8,  io,  or  20  Minutes,  or  fometimes 
more  •,  and  yet  thefe  Differences  are  thought  tolerable, 
and  the  Mariners  continue  to  ufe  thefe  Means,  and  in  a 
great  Meafure  truft  to  them  notwithftanding ; for  we 
muft  not  expert  to  attain  to  Infallibility  in  any  Refpedt, 

v/hilft  we  are  traverfing  this  Terraqueous  Globe • 

Not  that  I would  ad  vile  any  Body  to  be  too  credulous, 
or  to  take  either  Watches,  or  other  Inftruments,  and 
truft  to  them  as  the  beft,  merely  upon  the  Report  of 
another,  unlefs  you  know  you  have  great  Reafon  to  de- 
pend upon  the  Credit  of  thofe  that  fo  recommend  them  : 
But  if  you  think  to  make  Ufe  of  this  Methbd  for  finding 
the  Longitude  at  Sea,  take  a Watch  along  with  you, 
that  you  have  had  fume  Experience  of  afhore,  and  if 
you  have  found  that  your  Watch  has  gone  well  afhore, 
and  yet  fear,  that  for  the  Reafon  before  mentioned  fhe 
may  not  go  fo  well  at  Sea,  take  her  along  with  you  up- 
on fome  fhortCoaft  Voyage,  where  you  can  every  now 
and  then  obferve  whether  fhe  keeps  her  true  Motion  at 
Sea  as  well  as  afhore,  and  if  you  find  that  notwithftand- 
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ing  your  keeping  her  fo  carefully  as  before  directed, 
the  Clamminefs  of  the  Sea-Air,  does  (as  feme  fuppoie) 
retard  her  Motion,  you  may  ufe  Means  to  quicken  her 
Motion  as  much  as  to  counterballance  her  Dullnefs  oc- 
cafioned  by  the  Sea  Air,  if  any  luch  Thing  be,  (which 
I cannot  believe,  if  (he  be  kept  warm  and  dry,  as  be- 
fore directed)  and  by  this  Means  I do  not  queltion  but 
that  this  Method  for  finding  the  Longitude  might  be 
rendered  as  eafy  and  practicable  as  the  common  Me- 
thods now  in  ufe,  for  finding  the  Latitude  by  Obferva- 
tion,  a Thing  very  defirable,  and  therefore  delervcs  to 
be  encouraged,  and  put  in  Practice. 

I know  it  is  argued  by  Sailor’s  (and  with  a good  Rea- 
fon  too)  that  in  Places  near  the  Equinoctial,  the  De- 
grees of  Latitude  and  Longitude  are  lb  nearly  equal,  and 
that  the  Mercator’s  Chart  and  Plane  Chart,  are  fo  much 
alike,  that  the  Longitude  there  need  not  be  much  regard- 
ed ; but  the  greateft  Necefiity  for  ir,  and  Difficulty  in 
attaining  it,  is  in  all  Places  nearer  the  Pole,  elpecially 
above  60  Degrees  of  Latitude,  where  a Degree  of  Lon- 
gitude contains  not  half  fo  many  Miles  as  a Degree  of 
Latitude,  which  makes  the  Work  more  difficult. 

I anfwer,  for  the  Encouragement  of  thole  that  would 
put  in  Practice  what  is  here  delivered,  that  the  nearer 
the  Poles  that  you  come,  and  confequently  the  leffer  the 
Degrees  of  Longitude  are,  the  more  practicable  is  this 
Method,  and  the  lefs  the  Errors  are  that  can  be  fup- 
pofed  to  be  contracted  •,  for  in  a few  Miles  Wefting  or 
Eafting  in  Latitudes  above  60,  where  the  Degrees  of 
Longitude  are  not  half  fo  much  as  a Degree  in  the  Equi- 
noctial, you  may  much  more  fenfibly  and  apparently 
difeern  your  Difference  of  Longitude,  than  nearer  the 
Equinoctial.  I have  been  myfelf  running  5 or  6 Knots 
due  Weft  in  Latitude  72d.  30m.  or  thereabouts,  (I  do 
not  exaCtly  remember,  but  it  was  in  coming  from 
Archangel , about  the  North  Cape  of  Finmark , the  Cape 
itfelf  lies  in  Latitude  7 id,  25m.  and  we  did  not  make 
the  Cape  coming  Home)  and  in  24  Hours  running,  I 
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could  very  fenfibly  difcern  that  we  had  gained  about 
Half  an  Hour-,  fo  that  when  the  Glades  were  out  for 
12  o’Clock,  (which  we  had  formerly  experienced  to  be 
very  right)  it  wanted  about  half  an  Hour  of  1 2 by  the 
Sun,  as  near  as  I could  compute,  having  no  Help  but 
the  Ship’s  Glades  to  compute  it  by : The  Truth  of 
which  is  alfo  evident;  for  in  Latitude  72d.  30m.  there 
is  but  about  18  Miles  to  a Degree,  and  if  we  run  about 
135  Miles  that  24  Hours,  which  might  be  done  at  the 
Rate  aboveiaid,  it  would  anfwer  exactly  to  7d.  —30m. 
of  Longitude,  which  is  juft  half  an  Hour  in  Time;  and 
hence  it  is  plain  that  the  Difference  of  Longitude  by  this 
Method  is  more  perceptable  in  great  Latitudes  than  near 
the  Equinoctial. 

And  that  the  Errors  here  contracted  are  alfo  lels  is 
further  evident;  For  fuppofe  your  Watch  to  be  wrong 
by  4 Minutes  of  Time,  this  4 Minutes,  I confefs,  is  a 
Degree  of  Longitude  in  all  Latitudes,  and  in  that  Ref- 
pect  the  Error  is  equal  in  all  Latitudes.  But  when  the 
Longitude  comes  to  be  reduced  to  Miles,  fuch  whereof 
60  makes  a Degree  of  a great  Circle  upon  the  Earth, 
you  will  find  that  a Degree  at  or  near  the  Equinoctial, 
is  about  60  Miles,  and  therefore  an  Error  of  4 Minutes 
in  Time  begets  an  Error  of  60  Miles  near  the  Equinoc- 
tial; but  in  Latitude  72d.  30m  aforelaid,  where  there 
is  but  1 8 Miles  to  a Degree,  an  Error  of  4 Minutes  of 
Time  begets  an  Error  of  but  iS  Miles  in  Diftance;  and 
further  North  where  the  attaining  ofLongitude  is  yet  more 
difficult,theErrors  contracted  by  this  Operation  will  con- 
fequently  be  lefs,  an  Error  of  6 Leagues  being  as  difcern- 
able  in  Latitude  72d.  30m.  as  an  Error  of  20  Leagues 
near  the  EquinoCtial ; To  that  although  Sailing  near  the 
Equinoctial  is  commonly  reckoned  the  eafieft  in  all  other 
Cafes,  yet  by  this  Method  the  molt  difficult  Cafes  are 
become  the  moft  practicable  and  eafy  : And  I think  I 
may,  without  Prefumption,  entitle  it  as  ufeful  an  Help 
.for  finding  the  Longitude  as  what  has  yet  been  offered, 
and  may  be  very  affilting  in  that  ufeful  SubjeCt,  till  (if 
poffible)  the  defired  Compleatment  thereof  be  accom- 
pliffied.  Of 


by  Google 


[ 377  3 


Of  Astronomy. 

I HAVE  in  the  former  Part  hereof,  treated  upon  the 
Projection  of  the  Sphere,  and  Spherical  Trigono- 
metry Right-angled  and  Oblique,  which  may  ferve  as  a 
good  Introduction  to  this  Chapter;  in  which  J (hall  lay 
down  all  that  Part  of  Aftronomy,  that  is  neceflary  in 
Navigation,  and  therewith  conclude  the  Whole. 

SECT.  I. 

Plate  to.  Fig.  m. 

Agronomical  Definitions. 

I fhall  bring  the  Definitions  under  thefe  five  Heads, 
i.  Points,  2.  Great  Circles,  3.  Lefier  Circles,  4.  Arches 
of  Circles,  5.  Angles. 

1.  Points. 

The  Zenith  is  the  Point  direCtly  over  our  Heads  as 
Z,  and  the  Nadir  is  the  Point  oppofite  or  direCtly  under 
our  Feet,  as  N. 

The  Poles  of  the  Equator  (commonly  called  the  Poles 
of  the  World)  are  the  North  Pole  P,  and  the  South 
Pole  S,  and  the  Poles  of  any  great  Circle  arc  every  Way 
90  Degrees  diftant  from  it,  lb  the  Poles  of  the  Ecliptic 
JE  C are  in  the  Points  c c , &c. 

2.  Great  Circles. 

The  Azimuth’s  are  great  Circles,  which  interfeCfc  one 
another  in  the  Zenith,  and  cut  the  Horizon  at  right 
Angles;  as  Z © R N and  Z d N. 

The  Horizon  is  that  great  Circle,  that  divides  the  up- 
per Hemifphere  from  the  Lower,  as  H,  A,  O. 
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The  Equator  divides  the  North  Hemifphere  from  the 

South  as  the  Ecliptic  cuts  the  Equator  at 

an  Angle  of  23,  29,  as  JE,  A,C,  the  Prime  Vertical  is 
the  Ealt  and  Well  Azimuth  as  Z,A,N, The  Meri- 

dian^ are  great  Circles  palling  from  Pole  to  Pole,  as  the 
Primitive  PESQP,  or  the  Right  Circle  PAS,  or  the  Ob- 
lique Circle  P O S,  (3c.  The  Meridians  and  Azimuths 
are  infinite. 

3.  Lejfer  Circles. 

Lefier  Circles  are  commonly  called  Parallel  Circles, 
becaufe  they  are  generally  Parallel  to  fome  great  Circle; 
thus  the  Parallel  of  Declination  JE  O / is  fo  called,  be- 
caufe it  is  Parallel  to  the  Equincdlial ; from  whence  the 
Declination  is  reckoned  either  North  or  South.  - 
The  Tropic  of  Cancer  is  a Parallel  of  Declination  23d. 
29m.  diilant  from  the  Equator  Northward,  and  the 
Tropic  of  Capricorn  at  the  fame  Diftance  Southward 
from  the  Equator. 

The  Parallels  of  Altitude  (by  fome  called  Almican- 
ters)  are  lefier  Circles  Parallel  to  the  Horizon,  as  b O e. 
The  Artie  Circle  is  Parallel  to  the  Equator,  diilant  from 
it  66d.  31m.  Northwards,  and  the  Antartic  Circle  is  the 

fame  Diftance  Southward  from  the  Equator. The 

two  Poles  of  the  Ecliptic  are  in  thefe  two  Circles. 

Note ; Arches  of  lefier  Circles  are  never  made  Parts 
of  Triangles. 

4.  Arches  of  great  Circles. 

The  Sun’s  Altitude  is  an  Arch  of  an  Azimuth  Circle 
comprehended  between  the  Sun  and  the  Horizon,  as 
O R. 

Sun’s  Azimuth  is  an  Arch  of  the  Horizon,  contain’d 
between  that  Azimuth  which  the  Sun  is  in,  and  the 
Meridian  (North  or  South)  thus  HR  is  the  Sun’s  Azi- 
muth from  the  South,  when  the  Sun  is  any  where  in 
the  Azimuth  Z O N whatever  his  Altitude  be. 

Sun’s  Amplitude  is  the  Diftance  that  the  Sun  rifes 
or  fets  from  the  Eall  or  Weft,  or  if  you  will  from  the 
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North  or  South,  and  is  an  Arch  of  the  Horizon  con-  . 
tained  between  the  Point  where  the  Parallel  of  Declina- 
tion, that  the  Sun  moves  in,  cuts  the  Horizon,  and  the 
Eaftor  Weft,  South  or  North  Points  of  the  Horizon  ; 
thus  when  the  Sun  moves  in  the  Parallel  M G /,  it  rifes 
at  d,  and  the  Arch  A d is  the  Sun’s  Amplitude  from  the 
Eaft  or  Weft,  and  the  Arch  d O is  the  Amplitude  from 
the  North. 

Note ; The  Sun’s  Amplitude  is  always  of  the  fame 
Denomination  with  the  Declination,  whether  North  or 
South. 

Right  Afcenfion  is  an  Arch  of  the  Equator  or  Equi- 
noctial contained  between  the  Beginning  of  Aries  > and 
that  Point  of  the  Equator  where  the  Sun’s  Meridian 
interfeCls  it,  as  AT  is  the  Sun’s  Right  Afcenfion  when 
he  is  any  where  in  the  Meridian  POTS;  but  in  Aftro- 
nomical  Operations,  the  Diftance  between  the  faid  In- 
terfeClion;  and  the  neareft  Equinoctial  Point  is  the  Right 
Afcenfion,  and  then  it  can  never  exceed  go  Degrees. 

Afcenfional  Difference  is  an  Arch  of  the  Equator 
contained  between  that  Point  of  the  Equinoctial  that 
rifes  with  the  Sun,  and  that  Point  that  comes  to  the 
Meridian  with  him ; thus  the  Point  A rifes  with  the 
Sun  ; but  the  Point  n comes  to  the  Meridian  with  him, 
therefore  A » is  the  Afcenfional  Difference. 

Oblique  Afcenfion  is  an  Arch  of  the  Equator  con- 
tained between  the  next  EquinoClial  Point,  and  that 
Point  of  the  Equator  that  rifes  with  the  Sun,  and  is 
found  by  adding  to  the  Right  Afcenfion,  or  lubrraCling 
from  it,  the  Afcenfional  Difference,  the  Sum  oi» Remain- 
der is  the  Oblique  Afcenfion  required. 

Longitude  of  the  Sun  is  the  Sun’s  Diftance  from  the 
neareft  EquinoClial  Point,  accounted  on  the  Ecliptic 
thus,  A O is  the  Sun’s  Longitude. 

Declination  is  an  Arch  of  the  Meridian  contained 
between  the  Sun  and  the  EquinoClial  as  O T— 

Angles. 
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Angles. 

The  Sun’s  greateft  Declination  is  the  Angle  that  the 
Ecliptic  makes  with  the  Equator,  as  T A O,  and  is  ac- 
counted 23d.  29m. 

The  Hour  or  the  Day  is  the  Angle  that  the  Meridian 
of  the  Sun  makes  with  the  Meridian  of  the  Place ; thus 
the  Angle  P O is  the  Hour  that  it  wants  of,  or  is 
paft  12,  accounting  13d  to  an  Hour,  &c. 

The  Sun’s  Azimuth  is  that  Angle  at  Z,  which  is 
made  between  the  Azimuth  Circle  that  the  Sun  is  in, 
and  the  North  and  South  Azimuth  or  Meridian  of  the 
Place,  as  the  Angle  HZR  is  reckoned  from  the  South  $ - 
but  RZA  is  reckoned  from  Eaft  or  Weft. 

The  Sun’s  Amplitude  is  an  Angle  at  Z,  made  by  that 
Azimuth  Circle  which  interfe&s  the  Horizon  (where 
the  Sun’s  Parallel  of  Declination  cuts  it  alio j makes  with 
the  Prime  Vertical,  if  reckoned  from  the  Eaft 'or  Weft, 
as  A Z d,  or  dZ  O,  if  reckoned  from  the  North. 

Thefe  Angles  may  alfo  be  reckoned  as  Arches  of 
great  Circles,  as  the  Hour  is  an  Arch  of  the  Equator, 
the  Azimuth  and  Amplitude  are  Arches  of  the  Hori- 
zon, &c. 


1 SECT.  II. 

Aftronomy  Re  El  angular. 

• 

ALthough  mod  of  the  necefiary  Cafes  in  Aftrono- 
my may  be  reprefented  by  a Projeftion  upon  the 
Plane  of  the  Meridian,  which  to  a great  many  Learners 
feems  moft  natural  and  intelligible  ; yet  there  are  feme 
Cafes  efpecially  in  Oblique,  that  cannot  be  proje&ed 
upon  that  Plane,  in  which  Cafes  take  this  general  Rule. 

When  there  are  given  two  Sides  and  an  Angle,  make 
a given  Side  upon  the  Primitive,  and  the  given  Angle 

at 
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at  the  Primitive;  but  if  two  Angles  and  a Side  be  given, 
make  both  the  Angles  at  the  Primitive;  and  then,  if 
the  given  Side  be  contained  between  the  given  Angles, 
it  will  alfo  fall  upon  the  Primitive;  but  if  not  it  falls 
within ; but  when  three  Sides,  or  three  Angles  are 
given,  it  matters  not  which  Circle  you  make  Primitive, 
fo  it  be  generally  one  of  thofe  great  Circles,  an  Arch  of 
which  is  a Part  of  the  Triangle,  nor  are  you  always  ob- 
liged to  have  the  given  Triangle  at  the  Primitive;  but 
it  may  fometimes  be  drawn  within. 

There  are  12  Signs  in  the  Zodiac,  their  Names  and 
Charaders  are  as  follow. 

V Aries,  Taurus,  n Gemini,  $ Cancer,  *1  Leo, 
HR  Virgo,  ^ Libra,  % Scorpia,  Sagittarius,  » Capri- 
corn, ss  Aquarius,  X Pifces. 

Each  Sign  contains  30  Degrees,  in  all  360,  the  Num- 
ber of  Degrees  in  every  great  Circle. 

Note,  When  it  is  not  expreffed  what  Plane  the  Pro- 
jection is  upon,  it  is  always  fuppofed  upon  the  Plane  of 
the  Meridian. 

Note  alfo , When  any  Problem  is  referred  to,  it  means 
the  Problems  in  Spherical  Geometry,  annex’d  to  the 
Stereographic  Projection  of  the  Sphere. 

Problem  I. 

Plate  10.  Fig.  1 1 2. 

Given  the  Sun’s  Longitude  and  greateft  Declination, 
to  find  the  prefent  Declination. 

Sun’s  Place  n od.  om.  or  Longitude  from  the  Be- 
ginning of  T 60  greatelt  Declination  23d.  29m. 

Draw  the  Primitive  H ZON,  and  crofs  it  with  the 
Diameters  ZN  and  HO,  at  Right  Angles  (which  being 
to  be  done  in  all  Cafes,  1 fhall  uie  the  Contra<5lion  PCQj 
for  the  Words,  draw  the  Primitive  Circle  and  crofs  it 
with  two  Diameters  at  Right  Angles)  draw  JE  C the 
Ecliptic  at  an  Angle  of  23,  29,  at  A by  Prob.  3.  fee 

the 
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the  Longitude  60  from  A to  O by  Prob.  5.  and  through 
© draw  the  Circle  Z © B N by  Prob.  1.  then  is  A B G 
the  Triangle  required. 

Here  is  given  the  Hypothenufe  A O,  the  Longitude 
60  o,  and  the  Angle  A the  greateft  Declination  23  29, 
to  find  the  Perpendicular  Be,  the  prefent  Declinati- 
on by  Cafe  2.  _ - 

As  Radius  90  • 10.00000 

To  Sine  of  A © the  Longitude  60  o ■ 9.93753 

So  Sine  of  A the  greateft  Dec.  23  29  9.60041 

ToSine  ofB3  the prefent  Dec.  20  11  — — 9.53794 

Problem  2. 

Plate  to.  Fig.  1 12 ; 

Given  as  in  Prob.  1.  to  find  the  Right  Afcenfion  AB  * 
here  is  given  the  Hypothenufe  and  an  Angle,  to  find  the 
Leg  adjacent  to  the  given  Angle  by  Cafe  1. 

As  Tang.  Comp.  A O the  Longit.  30  o — - 9.76144 

To  Radius  90 10.00000 

So  Sine  Comp.  A the  greateft  Dec.  66  31  — 9.96245 

To  Tang.  AB  the  Right  Afcenfion  57  48—  10.20101 

Problem  3. 

Plate  10.  Fig.  m. 

Given  the  greateft  Declination  23  29,  and  prefent 
Dedination  20  1 1,  to  find  the  Longitude. 

PCQ,  let  AiQ^be  the  Equator,  draw  EC  as  in 
Prob.  1.  for  the  Ecliptic,  and  at  20  1 1 the  prefent,  De- 
clination, Diftance  from  the  Equator,  draw  the  Pa- 
ralel  m O n by  Prob.  4,  and  through  the  Point  where  it 
cuts  the  Ecliptic  as  in  O draw  the  Circle  Z O N by 
Prob.  1 •,  then  is  A 0 B the  Triangle  required. 

Here  is  given  the  Angle  A,  and  Leg  oppofite  B G, 
to  find  the  Elypothenufe  A ©,  the  Longitude,  Cafe  12. 

As 
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As  Sine  of  A the  greateft  Dec.  23  29  — 9.60040 
ToSineof  BQ  the  prefentDec.  20  11  — 9 537^5 
So  Radius  ■■  ■—  ■ — — 10.00000 


To  Sine  of  A O the  Longitude  — 60  00  — - 9 93745 


Problem  4. 

Plate  10.  Fig.  H2.  , 

Given  the  greateft  Declination  23  29,  and  prefent 
Declination  20  11,  to  find  the  Right  Afcenfion. 

Projection  as  in  Prob.  3,  being  the  fame  Data,  the 
Angle  'A  and  Leg  oppofite  B Q are  given,  to  find  the 
other  Leg  AB  by  Cafe  10. 

As  Radius  - — - — — 90  — ■—  1 0.00000 

.To  Tang.  B O the  prefent  Dec.  20  11  = 9-5^537 

So  Tang.  Comp.  A greateft  Dec.  66  31  — 10.36204 

To  Sine  AB  Right  Afcenfion  57  48  — - 9.92741 

Problem  5. 

Plate  jo.  Fig.  ii2. 

Given  the  greateft  Declination  23  29,  and  Right  Af- 
cenfion 57  48,  to  find  the  prefent  Declination. 

PCQ,  and  let  iEQJx  the  Equator,  and  draw  EC  the 
Ecliptic  to  make  an  Angle  of  23  30  the  greateft  Decli- 
nation by  Prob.  3,  with  the  Equator  fet  the  Right  Af- 
cenfion, 57  48,  from  A upon  the  Equator  to  B,  by  Prob. 
5,  and  thro’  the  Points  ZBN  draw  the  Circle  ZBN  to 
cut  the  Ecliptic  in  the  Point  © ; then  is  A B © the  Tri- 
angle required. 

Here  is  the  given  Angle  A,  and  Leg  adjacent  AB, 
to  find  the  Leg  oppofite  B Q ; by  Cafe  7. 

As  Tang.  Comp.  A greateft  Dec.  66  31  — 10.36204 

To  Radius  — 1 — 90  00  — 10.00000 

So  Sine  AB  Right  Afcenfion  — 57  48  — 9.92747 

To  Tang.  BO,  prefentDec.  — 20  11  — 9.56543 

Prob. 
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Plate  io.  Fig.  1 12. 

Given  the  greateft  Declination  23  29,  and  the  Right 
Afcenfion  57  48,  to  find  the  Longitude. 

Projection  as  in  Problem  5. 

Here  is  given  the  Angle  A,  and  Leg  adjacent  AB,  to 
find  the  Hypothenufe  A ©,  by  Cafe  9. 

As  Tang.  AB  Right  Afcenfion  57  48  — 10.20084 

To  Radius  — — 90  00  — 10.00000 

So  Sine  Comp.  A greateft  Dec.  66  31  — 9.96245 


T0Tang.C0m.  A ©the  Longitude  30  00  — 9.76161 
Problem  7. 

Plate  10.  Fig.  1 1 3. 

Given  the  Latitude  of  the  Place  50  North,  and  Sun’s 
Declination  20  North,  to  find  the  Afcenfional  Difference. 


And  alfo  the  Sun’s  Rifing  and  Setting  — Prob.  8 

Length  of  the  Day  and  Night  - 

Sun’s  Amplitude  - , — — • 10 

What  Hour  the  Sun  is  due  Eaft  or  Weft  » ■-  1 r 

Sun’s  Altitude  when  Eaft  or  Weft  — - - - 12 

Sun’s  Altitude  at  Six  -■  — ■ 1 3 

Sun’s  Azimuth  at  Six — — — — 14 


Sun’s  Decl.  and  Time  of  Rifing  and  Setting,  tol 

find  his  Amplitude  3 ^ 

PCQ,  fet  the  Latitude  50  from  O to  P,  and  from 
H to  S,  and  draw  P S for  the  Axis  of  the  World, 
and  at  Right  Angles  thereto  draw  E Qj:he  Equator, 
and  at  an  Angle  of  23  29  therewith  draw  M C the 
Ecliptic-,  draw  the  Parallel  a G be  d e diftant  from  the 
Equator  2od.  the  given  Declination  to  cut  the  E- 
cliptic  in  ©,  and  through  0 draw  the  Meridian  P O S, 
and  the  Azimuth  Z © N : alfo  through  that  Point 

_ ' D 

where  the  Parallel  of  Declination  cuts  the  Prime  Ver- 
tical, draw  the  Meridian  P b S,  and  through  c,  the 

Point 
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Point  where  the  Parallel  of  Latitude  cuts  the  Axis  P S, 
draw  the  Azimuth  Z c N,  and  through  the  Point  where 
the  faid  Parallel  cuts  the  Horizon  as  at  d , draw  the  Me- 
ridian P d S,  and  then  in  the  T riangle  A d b is  given  the 
Angle  A,  the  Comp,  of  Latitude  40  ; the  Side  h d the 
Declination,  to  find  A b the  Afcenfional  Difference  by 
Cafe  10. 

As  Radius  90  00  — 10,00000 

To  Tangent  of  Latitude 50  00  — 10,07618 

So  Tang  ofb  JtheDeclin.—  20  co  — 9,56106 

To  Sine  of  Afcenfional  Differ.  25  42  — 9.63724 

Prob.  8.  Plate  10.  Fig.  113. 

To  find  by  the  Afcenfional  Difference , what  Time  the  Sun 
Rifes  and  Sets. 

The  Afcenfional  Difference  converted  into  Time  (al- 
lowing 1 5 Degrees  to  an  Hour,  and  t Degree  to  4 Mi- 
nutes of  Time,)  gives  the  Time  that  the  Sun  rifes  be- 
fore or  fets  after  6 in  the  Summer,  or  rifes  after  and 
fets  before  6 in  the  Winter ; and  at  that  Rate  the  Afcen- 
fional Difference  25  42  makes  1 Hour  43  Min.  which 
added  to  6 makes  7 Hours  43  Min.  the  Time  of  the 
Sun’s  fetting  in  North  Declination,  or  rifing  in  South 
Declination  ; but  fubtratted  from  6 it  leaves  4 1 7 the 
Time  of  Sun’s  Rifing  in  North  Declination,  or  fetting 
in  South,  (fic. 

Note-,  Subtract  the  Sun’s  Rifing  from  12,  the  Re- 
mainder is  the  Setting. 

Prob.  9.  Plate  10.  Fig.  113. 

To  find  the  Length  of  the  Day  or  Night. 

Double  the  Time  of  Sun’s  Setting  found  by  Prob.  8. 
it  gives  the  Length  of  the  Night ; and  double  the  Time 
of  Sunfs  Rifing  it  gives  the  Length  of  the  Day  : Then 
when  the  Sun  rifes  at  4 17,  that  doubled  makes  8 34, 
the  Length  of  the  Night  but  the  fetting  at  the  fame 
Time  7 43  doubled  is  2 6 the  Length  of  the  Day. 

C c Prob 
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Problems:  Plate  10.  Fig.  1 13. 

T 0 find  the  Sun's  Amplitude. 

In  the  T riangle  A h d is  given  the  Angle  A the  Com- 
plement of  the  Latitude,  and  Side  h d the  Declination, 
to  find  A d the  Amplitude  from  the  Eaft  or  Weft,  by 
Cafe  12. 

As  Sine  A the  Comp.  Latitude  — 40  o — 9,80807 

To  Sine  of  h d the  Declination  — 20  o — - 9,53405 

So  Radius  — — — ~ — 90  o — 10,00000 

To  Sine  of  A d the  Amplitude  — 32  9 — 9,72598 

Or  the  Amplitude  from  the  North  may  be  found  in 
the  Triangle  d P O,  where  is  given  d P the  Complement 
of  Declination  70  o,  and  O P the  Latitude  50,  to  find 
d O,  by  Cafe  6. 

As  SinePO  the  Comp.of  Latitude'40  o — 9,80807 
To  Radius  — • — — — 90  o — io,oooot> 

So  Sine  Comp*  P d the  Comp.  Decl.70  00  — 9*53405 

To  Sine  Comp,  d O the  Amplitude  57  51  — 9*72598 

Problem  11.  Plate  10.  Fig.  113. 

Given  the  Latitude  50  o,  and  the  Declination  20  oo, 
to  find  what  Time  the  Sun  will  be  due  Eaft  or  Weft. 

In  the  Triangle  A mb,  there  is  given  m b the  Decli- 
nation, and  the  Angle  A the  Latitude,  to  find  m A the 
Hour  from  6,  by  Cafe  10. 

As  Radius — — — • — — 90  00  — 10,00000 
To  Tang,  m b the  Declination  20  00  — 9,56106 

So  Tang.  Comp.  A the  Latitude  50  co  — 9,92981 

To  Sine  A m the  Hour  from  6,  17  47  — 9,48487 

Or  it  may  be  done  by  the  Quadrantal  Triangle  A P by 
the  Side  AP  being  a Quadrant,  and  the  Angle  P the 
Hour  from  6 ; and  therein  is  given  the  Side  P b the 
Complement  of  Declination  70  o ; and  the  Angle  £AP  , 
the  Complement  of  Latitude  40  o to  find  b PA:  And 

here 
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here  bmitting  the  Quadrantal  Side  AF*,  the  Angle  P is 
middle  Part,  and  A and  b P are  Conjunfts;  therefore. 

As  Radius  90 10,00000 

To  Tang.  A the  Comp.  Lat. — 40  00  — 9,92  381 

So  Tang.  Comp,  b P — — 20  00  — 9,56106 

To  Sine  of  P the  Hour  from  6,  17  47  — 9,48487 

Prob.  12.  Plate  10.  Fig.  113. 

To  find  the  Sun's  Altitude  when  Eajl  or  Wfc. 

The  Sun  is  in  the  Point  b when  Eaft  or  Weft  : Then 
in  the  Triangle  A mb,  there  is  given  m b the  Declina- 
tion, and  the  Angle  mAb  the  Latitude  ; to  find  A b the 
Sun’s  Altitude,  by  Cafe  10,  which  is  left  for  the  Learner 
to  perform. 

Prob.  13.  Plate  10.  Fig.  113. 

To  find  the  Sun's  Altitud ' at  6 (/'Clock. 

The  Sun  is  in  the  Point  c at  6 o’Clock,  and  in  the 
Triangle  A i c there  is  given  the  Angle  A the  Latitude, 
and  the  HypothenufeA  c the  Declination,  to  find  ic  the 

Altitude  at  6,  by  Cafe  2. 

■ » 

Prob.  14.  Plate  10.  Fig.  113. 

To  find  the  Sun's  Azimuth  at  Six  o'Clock. 

This  may  be  done  either  by  the  Right-angled  T riangle 
A i r,  where  the  Leg  A i is  the  Azimuth  at  6,  or  by  the 
Quadrantal  Triangle  At  Z;  where  the  Angle  Z is  the 
faid  Azimuth,  I fhall  only  inftance  in  the  Quadrantal, 
and  leave  the  other  Operation  of  this  and  the  two  laft 
Problems  for  the  Reader’s  Pra&ice. 

There  is  given  A c the  Declination,  and  the  Angle 
ZA  c the  Complement  of  the  Latitude,  to  find  AZ c the 
Azimuth  at  6. 

Here  A is  middle  Part,  and  the  other  t^o  are  Con- 
juntfts ; therefore, 

C c 2 As 
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X 0.00000 

9,80807 

To  Tang,  of  Z the  Azimuth  — 13  10—  9,36914 

Prob.  15,  Plate  10.  Fig.  113. 

Given  the  Sun’s  Declination  and  Time  of  Rifing  and 
Setting,  to  find  the  Amplitude. 

Suppofe  the  Sua  rife  at  1 7m.  paft  Four  in  the  Morn- 
ing, his  Declination  2od.  North,  I demand  the  Am- 
plitude. 

In  the  Triangle  d P O there  is  given  the  Angle  P,  the 
Hour  paft  Midnight  4 Hours  17m.  or  reduced  to  Deg. 
6.$d.  15m.  and  theHypothenufe^P  the  Complement  of 
Declination  to  find  the  Leg  d O,  by  Cafe  2. 

As  Radius  — — 90  o — 10,00000 

To  Sine  ofd  P the  Comp.  Declin.  70  o — 9,97298 
SoSineof  P, the  Hour  from  Midn.  64  15  — 9>95458 


To  Sine  d O the  Ampl.  from  North57  49  — 9,92756 

Or  it  may  be  found  by  the  Quadrantal  Triangle  A</P, 
in  which  is  given  the  Angle  P,  the  Hour  of  Sun’s  Ri- 
fing before  <?•,  and  d P the  Complement  of  the  Declina- 
tion to  find  A dy  the  Amplitude  from  the  Eaft  or  Weft. 

By  a right  Underftanding  of  the  Nature  of  Spheric 
Triangles,  the  Latitude  at  Sea  maybe  often  attained  in 
an  Afternoon  or  Evening,  when  you  cannot  have  an 
Obfervation  at  Noon  * as  in  the  Triangle  A i c,  you 
may  by  having  the  Declination  A c and  Amplitude  A i 
given,  find  the  Latitude,  viz , the  Angle  c A f,  or,  in 
the  Triangle  A mb  you  may  by  having  A by  the  Sun’s 
Altitude,  when  Eaft  or  Weft,  and  m b the  Declination 
given,  find  the  Angle  »» Ab  the  Latitude,  but  fhall 
leave  this  to  the  Reader’s  Induftry. 
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As  Tang.  Comp,  of  A c the  Declin.  20  o ~ 

To  Radius  ♦-  ■ - — - 90  o — 

So  Sine  of  A the  Comp.  Latitude  40  o — 


Prob. 
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Prob.  1 6.  Plate  1 o.  Fig,  1 * 4. 

Given  the  Sun’s  Altitude,  Declination  and  Latitude 
of  the  Place  to  find  the  Azimuth. 

Latitude  54  40N.  Altitude  47  48, Declination  20  12N.  ' 

PCQifet  the  Latitude  54  40  from  O to  P,  and  draw 
P S,  and  at  Right  Angles  therewith  draw  E QJor  the 
Equator ; draw  the  Parallel  of  Altitude  c o d.  at  the 
given  Altitude  47  48  above  the  Horizon,  and  alfo  the 
Parallel  of  Declination  aOb  20  iz  from  the  Equator  to 
the  Northwards,  and  through  the  Interfedlion  of  thefe 
Parallels  draw  the  Azimuth  Z o N,  and  the  Meridian 
P O S by  Prob.  1.  and  then  by  the  1 ith  Cafe  of  Oblique 
Sherie  Triangles. 

Comp.  Latitude  ; ■ Z P — -T  •••  35. 20 

Comp.  Altitude  Z O — 42.12 

Comp.  Declination — — o P — 69,48 

Sum- 147.20 

1 Sum 73.40 

Side  oppofite  to  the  required  Angle  P o 69.48 

Remains  — 3.5* 

• • • * * • ••  • * 

Z P 35  20  Sine  Co.  Ar.  — • ■ 0,23782 

Z O 42  12  Sine  Co.  Ar.  — ——0,17281 

£ Sum  of  the  Sides  73  40  Sine  — — 9,98211 

DifF.  3 52  Sine  ■■■  — — — — — 8,82888 

Sum 19,22 162 

Sum  is  Sine  Comp,  of  65  55  * — — 9,61081 

Doubled  is  13 1 50  the  Azimuth  required  from  the  North 

Prob.  17.  Plate  10.  Fig.  US- 
Given  the  Altitude,  Declination  and  Hour,  to  find 
the  Azimuth. 

'Altitude  47  48,  Declination  20  12,  and  Hour  or 
Angle  at  P 32  12. 

PCQ,  and  draw  P o S,  to  make  an  Angle  at  32  12 
with  the  Primitive  by  Prob.  3,  and  thereon  fet  off  the 

C c 3 Comp. 
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Complement  of  Declination  69  48  from  P to  O by 
Prob.  5;  alfo  draw  the  Paraller  'Labe  diftant  from  o 
42  1 a the  Complement  of  Altitude,  and  it  will  cut  the 
Primitive  in  Z ; then  through  Z O,  and  the  oppofite 
Point  N draw  the  Oblique  Circle  Z O N,  and  the  Tri- 
angle ZPO  is  finiihed,  and  by  Solution  7. 

Co.  Ar. 

As  Sine  Comp,  of  Altitude  Z o 42:12  — 0,17281  r 

To  Sine  of  the  Hour  ZP© : 32  12  — 9,72662 

So  Sine  Comp.  Declination  0 P 69  48  — , 9,97243  , 

To  Sine  of  the  Azimuth  © Z P 48  7 — 9,87186 

’ 1 * . . . . 

But  beingObtufe  it  muft  be  fubtraded  from  1 80,  and 
the  Remainder  131  53  is  the  Azimuth  required  from 
the  North. 

The  Truth  of  all  your  Calculations  may  be  examined 
and  proved  by  meafuring  the  Side  or  Angle  required  by 
the  Directions  given  by  Prob.  6,  and  7,  of  Spherical 
Geometry,  which  would  have  been  needlefs  to  repeat 

in  ali  the  foregoing  Operations. 

* ^ 

^ . ' Prob.  18.  Plate  1 o.  Pig.  113.  ! 

Given  the  Latitude,  Azimuth^  and  Hour  to  find  the 
Declination.  - - •:  « 


* . «.  M 

continued,  which  for  IHuftration  I have  annexed  to  the 
Scheme.:  then  in  the  Triangle  Z e P,  is  given  e Z P 
48  8,  and  Z P 35  20;  to  find  Z P e,  by  Cafe  the  third 
of  Right-angled  Spherical  Triangles:;  ’• 

As  Tang.  Com.  P £ g- - 41  52 9,9524 p 

To  Radius  ■ ■ ■«  90  ■ ■ -10,00000 

So  Sine Cofnp.  ZP  --  ■■■■  54  40s. 9,91158 

. r.  : . ————— 

To  Tang.  Comp.  ZP^:-»-  • • 42  jg— — 9,95918 
Y - ' V ' Theq* 


Latitude  North, 

Azimuth, 

Hour, 


- 54  40 
•131  52 

32  12 


» D - 

Here  the  Perpendicular  muft  fall 


V to  find  the 
^ by  Cafe  t 


the  Sun’s  De 
the  Ninth. 
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. Then  by  Condufion  the  Fourth, 

As  Sine  Comp,  e P© io  07  Co.  Ar.  0,75534. 

To  Tang.  PZ — • — — 35  20 9>85°59 

So  Sine  Comp,  e PZ—  — 42  19  9,82816 


To  Tang.  P©  — — — 69  48  — — — 10,43409 

The  Complement  of  the  Declination  being  69  48, 
the  Declination  required  is  20  12. 


Prob.  19.  Plate  10.  Fig.  113. 


Given  the  Azimuth,  Hour,  and  Angle  of  Pofition, 


to  find  the  Latitude. 

Azimuth,  — > — * 131  52 

Hour,  " — 32  12  » 

Angle  of  Pofition — — 27  29 


[to  find  the  Latit. 
by  Cafe  the  1 ith. 


Take  the  Supplement  of  the  greateft  Angle,  to  180, 
add  that  and  the  two  lefler  Angles  together,  and  from 
the  half  Sum  fubtradt  the  Angle  oppofite  to  the  Side 
required,  and  proceed  as  in  Prob.  1 1. 


EXAMPLE. 


•*  ' . ’ 

The  greateft  Angle  — — ■ * — — 13 T 52 

Its  Supplement  < — — — — — — 48  8 

Angle  Z P o, 32  '2 

Angle  Z O P, 27  19 

• Sum  — — — — — — —107  39 

Half  Sum  — — — — — — — 53  49i 
Angle  oppofite  to  Side  required  Z O P 27  19 

Remainder  - — 26  30 1 


C c 4 GZt 
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G ZP,  its  Suppl. 48  : 08  S.  Co.  Ar.  0,12801 

Z P 0 S.  Co.  Ar.  — — 32  : 12  — 0,27337 

Half  Sum 53  : 49!  — Sine  Log.  9,906  ,9 

Remainder 26  : 30^  — Sine  Log.  9,64965 

19,95802 

•Sine  Comp.  17  : 40  9,97901 

Doubled  is  35  20  the  Complement  of  the  Latitude, 
or  Side  Z P required. 

Thus  much  for  the  Application  of  Oblique  Spheri- 
cal Triangles  in  Queftions  of  Aftronomy. 

N.B.  The  Number  57.3  in  Chap.  6.  Page  141,  has  its 
Authority  from  its  being  the  Semidiameter  of  a Circle  whofe 
Circumferenee  is  360  Degrees  in  a great  Circle  ( and  cottfe - 
, quently  may  be  applied  other-ways  to  finding  Angles  than  in 
"Degrees  only  : This  I thought  fit  to  dif cover,  left  fome  Pam- 
pbletering  Navigator  fhould  ajfert  it  to  be  a fictitious  and 
groundlefs  Number,  but  Jhall  defer  any  further  Account  of 
the  Reafon  of  the  Steps  in  the  Operation , left  they  fhould  catch 
it  up  and  call  it  their  own,  as  an  Attempt  was  made  upon 
my  Method  of  finding  the  Longitude  by  a Right-angled  Plane 
\ Triangle  Chap  l 6.  Sett  4.  only  I produced  it  in  the  fir  ft  Im- 
prefiion  of  this  Book , which  was  printed  above  [even  Tears 
before  tbi'supftart  Ant  hops  Copy  was  wrotcs 
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A TA  BLE  of  the  Englijh,  Latin , Italian , 
and  Spanifh  Names  of  the  Two  and  Thirty 
Points  of  the  COMPASS. 


Englifh  Latin.  Italian.  Spanilh. 


NE  by  E. 
ENE. 

E by  N. 


S by  E. 


ubJJanut 


Notafcliofer 

Hjpofhcemt 

Pbcrnix 

Mccjopbenix 


7 ramontana 
4.  di  Tramontana  Grace 
Tramontana  Graco 
4 di  Grata  Tramontana 
Grata 

4 di  Graco  Levant t 
Levant t Grata 
4 di  Lcvantt  Graco 


Levante 

4 di  Ltvante  Sirocco 
Levante  Sirocco 
4 di  Sirocco  Levanlo 
Sirocco 

4 cli  Sirocco  OJlro 
OJlro  Sirocco 
4 di  OJlro  Sirocco 


Nortf  4 at  tjle 
Let  NortT  a cjle 
Let  4 a Nortf  ejle 


V ejle 

V ejle  4 a Suejle 
L'  Suejle 

Suejle  4 al  ejle 
Suejle 

Suejle  4 al  Sur 
Sur  Suejle 
Sur  4 a Suejle 


Notus 

Mefolibauotus 

Libabotus 

Hypolibanotut 

Nottlybicu t 

Mejufrictu 

Africut 

Hypafricut 


efocerus 


Mifocireius 


OJlro 

4 di  OJlro  Garbino 
OJlro  Garbino 
4 di  Garbino  OJlro 
Garbino  o Libeccio 
4 di  Garbino  Pontnte 
Ponente  Garbino 
4 di  Ponente  Garbino 


4 di  Ponente  Maejlro 
Ponente  Maejlro 
4 di  Maejlro  Ponente 

di  Maejlro  T ramont 
ramontana  Matjlro 
4 di  Tramon  Maejl 


The  Variation  of  the  Compafs,  as  I oblerved  it  in 
the. Year  1718,  aboard  His  Majefty’s  Ship  the 
{ Barfleur , under  the  Command  of  the  Right  Hon. 
Sir  George  Byng , Admiral  of  the  Fleet. 


'3  t r • » . 

Bearings  of  Headlands,  &c. 


TTSHANT  Eafterly. 

Cape  Finifter,-  ENE.  12  Leaguer, 

Off  of  Lilbon,  within  fight  of  Land-  • 

St.  Jago,  NE.  14  Leagues 

Cape  St.  Mary,  NNE.  halfE.  5 Leagues. 

’’ape  St.  Mary,  NNW.  17  Leagues. 

' Before  Straits  - Mouth,  fometimes  without  fight  of 
^ Land,  we  had  by  feveral  good  Obfervations  7 deg 
(.or  within  half  a deg.  more  or  left. 

Cape  Palos,  ip  Leagues  WSW.  . . 

Cabrera,  [near  M^orca)  NW.  8Leagues.  — 

Eaft  Point  of  Majorca,  WNW.  6 Leagues. 

At  Anchor  before  Port  Mahon.  ...  i 

Cape  Tolar,  E.  halfS.  2;  Leagues  by  Eftimation. 
Cape  Carbon  era,  NW.halfN.  7 Leagues. 

Cape  Carbonera,  WNW.  9 or  to  Leagues. 

Cape  Carbonera,  W.  by  S.  11  Leagues. 

Serpentaria,  W.  by  S.  Cape  Camera,  NW. 

Entry  of  Naples  Bay. 

Off  ofPalinura. 

Strombolo,  W.  byS.  1 League, 
before  Syracufe. 

Cape  Paffero,  N.  half  W.  4 League*. 

Before  Malta. 


Upon  the  S.  Cbaft  of  Sicily  it  conAued  between  *2 
and  1 3 deg.  but  failing  faun  Palermo  to  Naples,  it  de- 
creafes  to  1 1.46  as  obferved  in  Naples  Bay. 


1N.B.  It -may  be  thought  furprhsing,  that  to  the! 
Weft  ward  of  Sardinia,  there  Ihojild  be  lefs  than  11 

1 _ J o L r.A  A- L i.  . rr-*T  t ! . 


deg.  and  South  Eaft  from  it,  it  is  above  17.  There  *s 
fome  Reafon  to  believe,  that  there  are  fome  magnetical 


Rocks,  in  or  near  that  Ifiand  which  may  affedt  the  Com- 
pafs;  but  we  muff  leave  that  to  Time  and  further  Ex  • 
perience  to  determine. 


Digitized  by  Google 

» j 


[ 395  ] 


A TABLE  of  LOGARITHMS 

For  Numbers  increafing  in  their  Natural  Order,  from 
an  Unit  to  10,000. 

With  a Table  of  Artificial  Sines,  Tangents,  and  Se- 
cants, the  Radius  r 0,000000  j and  to  every  Degree 
arid  Minute  of  the  Quadrant* 


0.7-81?! 


1.30103c 

21  j ! . 3222  I y 

22  1 1. 342423 
*3 
*4 

*5  l'-39794° 
26  ji -4*4.973 


43' 

3‘ 

447 

1 

462 

477 

I 

49' 

3< 

S°5 

I 

518 

S 

40  ; 1,602060 

41  1.612784 

42  1 .623249' 

43  '-63346s; 
4+  j*  .^4343  3 

45  !l.6?32‘2 

46  I 


I.698970 


(1.707370 

I.716003 


7242 

73 2 3 
74c  3 
7481 

755s 

7634 


1.770832 


,1.778151 
ji.785330 
1.792392 
1.799340 
1 .806180 
ji.  812913 
[1.819544 


79  «97«7 

80  i .903690 

81  1.908485 

82  1.913814 

83  1 919078 

84  1.924279 
1.929419 


1.934498 
'•93  93 '9 


A Table  of  Logarithms, 


100  i.oooooo 

101  2,00432 1 
2.008600 
2.012837 
2.017033 
2.021189 
Tr.OZTyo6 
2.029384 
-2-033+M 
2.037426 


no  z. 041 393 
in  2.043323 

112  2,049218 

113  2.053078 
144  2.056905 

115  2.060698 

116  2064458 

117  2.068186 

1 18  2.071882 

119  2.073547 

120  2.079181 


121  2. 

122  2. 

123  2. 

124  2.O93422 

125 

126  2.IOO37O 

27  2,103804 

28  2.IO72IO 

29  2.1  IO59O 

30  2.1  13943 

31  2.II727I 


132  2.I20574 

133  2.I23852 

134  2.I27JO5 

‘35  2I3°334 
136  2.133339 
•37  2-1367*1 
138  2.139879 

•39  z-i430i5 

140  2.146128 

141  2.149219 

142  2. 152238 


2.OCO434 
2.OO475  1 


2.017451 

2.021003 

2.025715 


2.033826 


2.O4I787 

2 °457‘4 
2.049606 
2.053463 
2.057286 
2.061075 
2. 064832 
2.068557 
2.072250 
2-075912 
2.079543 


2.083144 
2.0867 16 
2.090258 
2.093772 
2.097257 
2.100715 
2.104145 

2*I07S49 
2. 110926 
2.114277 
2.1 17603 


2.1 20903 
2. 

2.127429 
2. 


2. 022016 
^.026124 
2. 03OI95 
2 O34Z27 
2.O38223 


2.042182 


2.049993 


■3 

2.001 301 
2.005609 
2. OO9876 
2.OI4IOO 
2.O1S284 
2.'oi24*8l 
2.026533 
2.030600 
2.034628 
2.038620 


2.042575 


2.001734 
2.006038 
2.010300 
2.014520 
2 018760 
2.022841 
2.026942 
2.031004 
2.035029 
2.039017 


2.068928 

2.072617 

2.076276 

2.079904 


2.083503 
2.08707 1 
2.09061 1 
2.0941  22 
2 097604 
2.IOIO59 
2.IO4487 
2.IO7888 
2.11 1262 
2.II461 1 
2.U7934 


2.080266 


2.083861 
2.087426 
2 090963 
2.09447 1 
2.097951 
2.101403 
2.104828 
2-108227 
2.111598 
2. 1 1 4944 
2.1 18265 


2.084219 
2.087781 
2.091315 
2.094820 
2.058297 
2.101747 
2 105169 
2.108565 
2.111934 
2.115278 
2.1 18595 


888 
156 
2.128399 


from  i ro  ioooo. 


5 


2.002  1 66 


2.010724 
2.014940 
2. OI9I  l6 
2.O23252 
2.O2735O 
2.O3I408 
2.03543° 
2.O394I4 


2.04  3302 

2.047275 
2.O5I  I52 


2.01  II47 
2.OI5360 
2. OI9532 
2.O23664 

2 027757 
2.O3I812 
2.03583° 
2.O398I  I 


3029 
7321 
2.011570 
2.OI5779 
2.OI9947 
2.O24O75 
2.O28164 
2.O32216 
2.O36229 
2.040207 


23 

24 

25 

26  2.102090 

27  2.105510 

28  2. 

29  2.112270  2. 

30  2.115610  2. 


2.1*2543 
2.125806 
2.1 29045 
2.132260 
2.135451 
2.138618 
2.141763 
2.144885 
2.147676  2.147985 
2.150756  2.151063 
2.153815  2.1541191 


2.151370 

2.154424 


2.1 1991 5 2. 


23198  2. 
26456  2, 
29690  2 
2 I329OO  2. 

36086  2 
2.I39249  2 
42389  2 
2.145507 
48603  2 
51676  2 
2.I54728  2 


086004 
089552 
O9307I 
O96562 
100026 
103462 
106870 
I IO253 
II3609 
U6940 
120245 


1*3525 
126781 
130012 
133219 


I42702 
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A Table  of  Logarithms, 

N° 

O 

I 

2 

3 

4 

Dif 

143 

2. >55336 

2.1  55640 

2. >55943 

2.1 56246 

2. >56549 

303' 

144 

2.158362 

2.158664 

2^58965 

2.1  59266 

2- * S9S67 

301 

‘45 

2.161368 

2.161667 

2.161967 

2. 162266 

2.162564 

299 

1 46 

2. *64353 

2.164650 

2.164947 

2.165244 

2.165541 

297 

*47 

2.167317 

2.167613 

•2.167908 

2. 168203 

2. 1 6{>4Q7 

295 

148 

2. 170262 

2.170555 

2.170848 

2.I7I  141 

Z.17J434 

293 

1 49 

2.173186 

2.173478 

2 173768 

2.174060 

z. >7435' 

291 

150 

2.17609! 

2.I7638I 

2.176670 

2.I76959 

2.177248 

289 

151 

2.178977 

2.1  79264 

2.>?9552 

2->79839 

2.180126 

287 

»52 

2.181844 

2.182129 

2.18241 5 

2.182700 

2.182985 

285 

1 53 

2.18469I 

2.184975 

2 185259 

2.185542 

2.185825 

283 

* 54 

2.187521 

2.187803 

2.188084 

2.188366 

2.188647 

281 

>55 

2.I90332 

2.190612 

2.190892 

2.191 171 

2.19145 1 

279 

.156 

2.ig3<25 

2.193403 

2.193681 

2- 1 93959 

2. >94237 

278 

>57 

2. 195900 

2.196176 

2.196452 

2.196729 

2.197005 

276 

IS8 

2.198657 

2.198932 

2.159206 

2.199481 

2.199755 

274 

>59 

2.201397 

2.201670 

2.201943 

2.202Z16 

2.ZOZ488 

272 

1 60 

2.204120 

2.20439I 

2.204662 

2.204933 

2.205204 

271 

161 

2.20682  6 

2.207095 

2.207365 

2,207634 

2.207903 

269 

162 

2.20951 5 

2.209783 

2.210051 

2.210318 

2.210586 

267 

163 

2.21Z188 

2 212454 

2.21  2720 

2.2129S6 

2 213252 

266 

164 

2.214844 

2.2I5IO9 

2.215373 

2.215638 

2.21  £902 

264 

>6S 

2.217484 

2.217747 

2.21S010 

2.218273 

2.218535 

262 

166 

2.220108 

2.22O37O 

2.220631 

2.220892 

2.221 153 

261 

167 

2.222716 

2.222976 

2.223236 

2.223496 

2.223755 

259 

168 

2.225309 

2.225568 

2.223826 

2 226084 

2.226342 

258 

169  12.227887 

2.228144 

2.228400 

2.228657 

z. 228913 

256 

I7O 

2.230449 

2.23O704 

2. 230960 

2.231215 

2.231470 

254 

171 

2.232996 

2.233250 

2.233504 

2,233757 

2.23401 1 

253 

172 

2.235528 

2.235781 

2 236033 

2.236285 

2.236537 

252. 

>73 

2.238046 

2.238297 

2.238548 

2.238799 

2.239049 

250 

>74 

2.240549 

2.240799 

2.241048 

2.241297 

2.241546 

249 

>7S 

2.243038 

2.243286 

2 • 2 4 3 5 3 4 

2-243782 

2 244O3O 

24«; 

176 

2.245513 

2.245759 

2.246006 

2.246232 

2.246499 

246 

>77 

2.247973 

2.248219 

2.248464 

2.248709 

2.2^8954 

24S 

178 

2.250420 

2.250664 

2.250908 

2. 25I  I5I 

2-25'395 

243 

>79 

2.252853 

2.253096 

22S3338 

2.253580 

2.253822 

.242 

180 

2.255272 

2-2555'4 

2*2S  5 75  5 

2-255996 

2. 256237 

24> 

1 8 1 

2.257679 

2.2;79>8 

2.258158 

2.258398 

2.258637 

239 

182 

2.20007  > 

2.260310 

2.260548 

2.260787 

2.26I025 

238 

183 

2.262451 

2.262688 

2.262925 

2.263162 

2.263399 

237 

>84 

z. 2648 1 8 

2.265054 

2.263290 

2 265 5 zS 

2.263761 

2 35 ! 

>8S 

2.267172 

2,267406 

2.267641 

2.267875 

z. 2681  io 

234 

1 
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from  i to  ioooo. 


43  2 

44  *• 

45 

46 

47 
4« 

49 

•5°  1 2-*77536 


•S3  * 
•54  2 
•55  * 

1 56  2 

* 57  2 
1 58  2. 

•59  2 
160  2 
i6r  2 

162  2 

163  2, 


.1 86108 
188928 
•9‘73° 
' 945 • 4 
197281 
200029 
202761 

*°5475 

208172 

210853 

213518 


75  *'*44*77 

76  2.246745 

77  2.249198 

78  2.251638 

79  2.254064 

80  2.256477 

81  2.258877  I 

82  2.261267 

183  2.263636, 

184  2.265996 

185  2.268344 


'57*54 
60168 
63161 
66434 
69086 
72019 
749  3 2 
77825 
80699 

*•*83554 


2.186391 
2.189209 
2.192010 
2. *94792 

2* 1 975  56 
2 200303 
2.203033 
2.205745 
2.208441 
2.211120 
2 *'37»3 
2.216430 
2 219260 
2.221675 
2.224274 
2.226858 
2.229426 
*•*3*979 
*‘2i45'7 


2.237041 

2.239550 

2.242044 


2.244524 
2.246991 
2. *49443 
2.251881 
z. 254306 
2.256718 
2.2591 16 
2.261 501 
2.263873 
2.266232 
2. 268578 


*•*57457 

2.160468 

2.163460 

2.166430 

2.169380 

2.172311 


2.186674 

2.189490 

2.192289 

2.195069 

2.197832 

2.200577 

2.2013305 

2.206016 

2.208710 

2.211388 

2.214049 


*•*57759 
2.160769 
2.163757 
2.166726 
2.169674 
2.172603 
*.1755** 
2.1 78401 
2.181272 
2.184123 


2.186956 

2.189771 

2.192567 

2.195346 


*.*03577 

2.206286 


2.1 58061 
2.161068 
2.164055 
2,167022 
2.169968 
2.172895 
2.175802 
2.178689 
2.181558 
2.184407 


2.187239 

2.190051 

2.192846 

2.195623 


2.269046 1 2.269279I  234 


Google 


( 400  ) A Table  of  Logarithms, 


NQ 

O « 

1 

2 

3 

4 

Dif 

186 

187 

188 

189 

190 

1 9* 
192 

*93 

194 

>95 

2.269513 

2.271842 

2.2741J8 

2.276462 

2.278754 

2.281033 

2.283301 

2.285557 

2.287802 

2.29OO35 

2.269746 

2.272074 

2.274389 

2.270691 

2.278982 

2.281261 

2.283527 

2.285782 

2.288025 

2.290257 

2.269980 
2.272306 
2 274620 
2.276921 
2.279210 
2.281488 
2.283753 
2.286007 
2.288249 
2.29048® 

2.27021 3 
2.272538 
2.274850 

2.277151 
2.279439 
2.28171  j 
2.283979 
2.286232 
2.288473 
2.290702 

2.270446 
2.272770 
2.2.75081 
2.277380 
2.279667 
2.281942 
2.284205 
2.286456 
2 2S8696 
2 290925 

23  3 
*3* 
230 
229 
22  8 
227 
226 

225 

2*3 

222 

196 

>97 

198 

199 

200 

201 

202 

203 

204 

205 

206 

2.29225b 

2.2944&6 

2.296665 

2.298853 

2.301030 

2.303196 

2.3053s1 

2.307496 

2.309630 

2-3**754 

2.313867 

2.292478 
2.294687 
2.296884 
2.299071 
2.301247 
2.303412 
2.305566 
2.307710 
2.309843 
2.31 1966 
2,314078 

2.292699 

2.294907 

2.297104 

2.299289 

2.501464 

2.303628 

2.305781 

2.307924 

2.310056 

2.312177 

2.314289 

2.292920 
2.295127 
2.297323 
2.299507 
2.301681 
2.303844 
2.305996 
2.308137 
2.3 10268 
2.312389 
2.314499 

2.293141 

2.295347 

2.297542 

2.299725 

2.301898 

2.304059 

2.306210 

2.308351 

2.310481 

2.312600 

2.314710 

221 

220 

2I9 

2I8 

2*7 

216 

2*5 

2*3 

212 

211 

210 

207 

208 

209 

210 

211 

212 
213 
214 
2.5 

216 

217 

2.315970 

2.318063 

2.320146 

2.322219 

2.324282 

2.326336 

2.328380 

2.330414 

2.332438 

2-334454 

2.336460 

2,316180 

2.318272 

2.320354 

2.322426 

2.324488 

2.326541 

2.328583 

2.330617 

2.332640 

2-334^5S 

2.336660 

2.316390 
2 318481 
2.320562 
2.322633 
2.324694 
2.326745 
2.328787 
2.330819 
2.332842 
2.334856 
2.336860 

2.316599 
2.318689 
2.320769 
2.322839 
z. 324899 
2.326950 
2.328991 
2.331022 

*■333044 

2.335056 

2-337060 

2.316809 
2.318898 
2.320977 
2 323046 
2.325105 
2.327*54 
2.329194 
2.331225 
2.333246 

*•335*57 

2.337260 

209 

208 

207 

2C6 

205 

204 

203 

202 

202 

201 

200 

218 

219 

220 
221 
222 

223 

224 
22,- 
•26 
227 
228 

2.338456 

2.340444 

2.342423 

2.344392 

2.346353 

2.348305 

2.350248 

2.352182 

2.354108 

2.356026 

2-35793S 

2.338656 
2.340642 
2,342620 
2 344589 
2.346549 
2.348500 
2.350442 

2-352375 

2.354301 

2.356217 

2.358125 

2.338855 

2.340840 

2.342817 

2.344785 

2.346744 

2.348694 

2.350636 

2.352568 

2-354493 

2.356408 

2.358316 

2.355054 

2.341039 

2-343014 

2.344981 

2.346939 

2.348889 

2.350829 

2.352761 

2.354684 

2.356599 

2.358506 

*•339*53 

*•34**37 

2.343212 

* 345*78 
*•347*35 
2.349083 
2.351023 

*•35*954 

2.354876 

2.356790 

2.358696 

*99 

198 

*97 

196 

*95 

*94 

■93 

!93 

192 

*91 

190 

from  i to  ioooo. 


196  2. 

>97  ,*■ 

198  2 

>99  2 

200  2 

201  2. 
202  '2 

203  j*. 

204  2, 
20J  ,2. 
206  2, 


207  2. 

208  2. 


293362 

295>67 

297760 

*99943 

302114 

304275 
306425 
308564 
310693 
312812 
3 >4920 


3 


218  2 

219  2 

220  2 

221  2 

222  2 


•33945' 

■34'434 

.343409 

345374 

347330 

349*77 

391216 

353  >4^ 
355068 
356981 
358886 


2.317227 
2 319314 
2.321391 
2.323458 
2.325516 
2.327563 
2.329601 
2.331 630 
2.333649 
2.335658 
2.337659 


2.343605 

2.345570 

*•3475*5 

2.349472 

2.351410 

*•353339 

2.355260 

2.357*72 

2.359076 


2.317435 


2.317645  2.317854 
2.319730  2.319938 
2 321805 
2.323871 
2 323926 


2 329804 
2.331852 
*.333850 


* 339849 
2.341830 
2.343802 
2.345766 
2.347720 
2.349666 
2.351603 
*•35353* 

*•35545' 

2.357363 

2.359266 


2.338058 


2.340047 

2.342028 

*•343909 
*.34596' 
2.347915 
2.349860 
* 351796 

*•3537*4 

*•3556*3 

*•357554 

2.359456 


2.340246 
2.342225 
2.344196 
2.346157 
2.3431 10 
2.350054 
2.351989 
2.353916 
2.355834 

*•357744 

2 359646 


( 402  ) 
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229  .*• 
*30  '*■ 

*3*  I*' 
*3*  i* 
233  2 

*34  2 
235  2. 

*36  2 
*37  ;*■ 

238  Z 


*39  :2 

240  .a. 

241  \z 

242  I*. 

*43  2 
244  2 

*45  2 
246  2 

*47  2 
248  2 

*49  2 


250  2, 
2 c 1 2 
252  :2 
*53  i2' 
*54  i* 
*55  * 
256  2 

*57  i* 
258  ,2 

*59  * 
260  2 


261  2 
2^2  12. 

263  -2 

264  [2 
26;  ,2 

266  2 

267  2 

268  2 

269  2 

270  2, 

271  '2. 


359835 

361728 

363612 

365488 

3673S6 

369216 

371068 

37*912 

374748 

376577 


.378398 

.380211 

.382017 

.383815 

.385606 

387390 

.389166 

■390935 

.392697 

■39445* 
- 396 1 99 


397940 

399674 
401400 
403120 
204834 
406540 
408840 
409933 
41 1620 
413300 
414973 


416640 

418301 

4*9956 

421604 
423246 
424882 
42651 1 
428135 

4*975* 

431364 

432969 


2.360025 
2.361917 
2. 363800 
2.365675 
2.367542 
2.3694OI 

*•37**53 

2.373096 

2.374932 

*376759 


2.378580 

z.380392 

2.382197 

2.383995 

2.385785 

2.387568 

*■3*9343 
2.391 1 '* 
2.392873 
2. 394627 
*396374 
2.3981  14 
z.  399847 
2.4OI573 
2.4O3Z92 
2.405005 
2.4067IO 
2.408409 
2.4IOIO2 
2-41  1788 
2.4*3467 
2 4I5I4O 


2.4201  21 
2.42I768 
2.4234*0 
2.425045 
2.426674 
2.428297 
2.429914 

*•43*5*5 

2.433129 


2.398287 
2.400020 
2.401745 
2.403464 
2.405175 
2.406881 
2.468579 
2.410271 
2 411956 
2.413635 
2.4*5307 


2.398401 
2.400192 
2. 4OI917 
*.403635 
2 405346 
2.407051 
2.408749 
2.4IO44O 
2.412124 
2.413802 
2.4*5474 


*•4*7*39 


*•379**4 

*.380934 

2.382737 

*•3*4533 
2.386321 
2388101 
2.389374 
2.391641 
2.393400 
2.395152 
2 396896 


2.398634 
2.400365 
2 402089 
2.403807 
*•4055*7 
2.407221 
2 408918 
2.410608 
2.412292 
2.413970 
2.41 5641 
2.417306 
2.418964  165 

2.420616  165 

2.422261 
2.423901 

*•4*5534 
2.427161 
2.428782 
2.430398 
2.432007 
2.433610 


from  i to  ioooo. 


•379305 

.381115 

•3®29*  7 
.384712 
.386499 
.388279 
.390051 
.391817 

•393575 

.395326 

•397070 

.398808 

.400538 

.402261 

.403978 

.405688 

407391 

.409087 

.410777 

.412460 

-4 1 4 1 37 
.415808 

■4«747* 

.419129 

.420781 

.422426 

.424064 

.425697 

.427324 

.428944 

.430559 

.432167 

•433770 


2.360972 

2.362859 

2-364739 

2.366610 

2.368473 

2.370328 

2 372175 

2.374015 

2.375846 

2-377670 

2.379487 

2,381296 

2,383097 

2,384891 

2,386677 

2,388456 

2,390228 

2*39'993 
2,393751 
2,395501 
2.397245 
2.398981 
2.400711 
2.402433 
2.404149 
2.405858 
2.407561 
2.409257 
2.410946 
2.41 2628 
2.414305 
2-41  5974 
2.417638 
2.419295 
2.420945 
2.422590 
2.424228 
2.425860 
2.427486 
2.429106 
2.430720 
2.432328 
2.433930 


7 

2.361 161 

2.363048 

2.364926 

2.366756 

2.368659  j 

2.370513 1 

2.372360 

2.374198 

2.376029 

2-377852 

.2.379668 

2.381476 

2-383*77 

2.385070 
2.386855 
2.388634 
,2.390405 
2.392169 
2.393926 
2.395676 
2-39741 8 
2.399154 
2. 400883 
2.402605 
2.404320 
2.406029 
2.407731 
2.409426 
2.41 1 1 1 4 I 
2.412796 
2.414472 
2.416141 

2.417804 
2.419460 
2.421 1 10 
2.422754 
2.424392 
2-426023 
2.427648 
2.429268 
2.430881 
2.432488 
2.434090 


*.361350 
2.363236 
2.3651 13 
2.306983 
2 .368844 
2.370598 

*-37*544 
2.374382 
2.3762 12 
^ 378034 

2.379849 
2.381656 
2.383456 
2.385249 
2.387034 
2.38881 1 
2.390582 
2.392345 
2.394101 
2.395850 
*•39759* 

* 3993*7 
2.401056 
2.402777 
2.404492 
2.406199 
2.407900 

*•409595 
2.41 1283 
2.412964 

*-4'4639 

2.416308 

2.417070 
2.419615 
2.421273 
2.42291 8 

*•4*455* 

2.426186 
2.42781 1 
2.429429 
2.431042 
2.432649 
2.434249 


( 403 

1 

) 

9 

Dif 

2.361539 

.89 

2.363424 

188 

2.365301 

188 

2.367169 

is; 

2.369030 

» 8b 

2.370883 

.85 

2.372728 

184 

2-37456S 

184 

2.376394 

183 

2.378216 

182 

2.380030 

2.381837 

2.383636 

2.385427 

2.387212 

2.388989 

2.390758 

2.392521 

2.394176 

2.396025 

*•397766 

2-399501 

2.401228 

2.402949 

2.404663 

2.406370 

2.408070 

2.409764 

2.411451 

2.413132 

2.414806 

*-416474 

2.418135 

2.419791 

2.4H439 

2.423082 

2.424718 

2.426349 

2.427973 

2.429591 

2.431203 

2.432809 

,2.434409 


D d 2 
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from  i to  ioooo. 


( 4^5  ) 


272  2. 

273  1. 

274  2. 

275  2. 

276  2. 

277  2. 

278  2. 

*79  * 

280  2. 

281  2. 


282 

283 

284 

285 
2 86 1 2. 

287 

288 

289 

290 

291 

*9z  I 2 


293  2. 

294  2 

*9?  *• 
296  2. 

*97  *• 

298  2. 

299  2 

300  2, 

301  *' 

302  2. 
303  2, 


5 


433306 
436957 
438542 
440122 
.44,695 
443*'  3 

444825 

446382 

•447933 

.449478  I 


2 435520 
2.437116 
2 438700 
2.440279 
2. 44  1852 
2.443419 
2.444981 
2 44C>537 

2 448088 
2.449633 


2-454*35 


457' *5 


466126 


.467608 

.469085 

•470557 

.472025 

•473437 

•474944 

.476397 

.477844 

•479*8? 

.480725 

.482159 


.7 


2.435685 

*•437*75 

* 43*859 

* 440437 
2.44200.; 
2.443576 

*•445*37 

2.446692 

2.448242 

2.449787 


2. 

2.452859 

3. 


*.455910 

2. 


2,466274 


2.467756 
2.469*33 
2.470704 
*•47**7 1 
*•473633 
2.475090 
2.476542 
2.477989 
2.479431 
2.480869 
2.482302 


2.466423 


2.467904 
2 469380 
2.470851 
2.472317 
*•473779 
*•475*35 
2.476687 
2.478133 

*•479575 

2.481012 

2.482445 


2.435844 

* 3 3:43  3 
2.439017 
2.440594 
2.442166 

*•44373* 

2.445293 

2.440848 

2.448397 

2.44994* 


2.431479 
2.45301 2 
2.454540 
2.456062 

2-457579 

2.459091 

2.460597 

2.462098 

2.463594 

2.465085 

2.466571 


9 


2.436003 

2.437592 

* 439*75 

2.440752 

i * 44*3*3 
! 2.443888 
2.445448 
2.447003 

* 44855* 

2 450095 


2.451633 

* 453*65 
2.454692 
2.456214 

*•45773° 

2.459242 

2.460747 

2.462248 
2 463744 
2.465234 
2.466719 


2.4881 27 


2.490941 
2.492201  I 2.492341 
*•493597  I 2-493737 


*’4977S9|2.497897 


2.484157 
2 485579 
2 486997 
2.488410 
2.489818 
2.491222 
2.492621 
2.494015 
2.495406 
2.496791 
2.498173 


Digitized  by  Google 
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NQ 

0 

I 

2 

3 

4 

Dif 

3*5 

2.49831 1 

2.49844.8 

2.49858a 

2.4987*4 

2.498802 

«3» 

316 

2.599687 

2.499824 

2.499962 

2.500100 

2.500236 

*37 

3*7 

2.501039 

2.501 196 

2 501333 

2.501470 

2.501607 

'37 

3*8 

2.502427 

2.502564 

2.502700 

2.502837 

*•50*973 

13O 

319 

*.503791 

*.5039*7 

2.504063 

2.504199 

*.504335 

1 36 

320 

2.505156 

2.505286 

2.505421 

*.505557 

*.505693 

136 

321 

2.506505 

2.506640 

*.506775 

2.50091 1 

2.507040 

'35 

3*2 

2.507856 

2.507991 

2.508125 

2.508260 

*.508395 

*35 

323 

2.509202 

*•509337 

2.50947* 

2.509606 

2509740 

*35 

324 

2.5*0545 

2.510679 

2.510813 

*.510947 

251 1081 

*34 

32S 

2.511883 

2.512017 

2.512150 

2.512284 

2.512417 

*33 

326 

2.513*1 8 

*•5*335* 

2.513484 

2.513617 

* 5*375° 

*33 

327 

2.514548 

2.514680 

2.5*4813 

2.514946 

2.515079 

*33 

328 

2-S*5874 

2.516066 

*■5*6*39 

2.516271 

2.5 16403 

*3* 

329 

2.517196 

2.5*7328 

2.517460 

2.51759* 

2.517724 

*3* 

330 

2.518514 

2.5 18645 

2.5*8777 

2.518909 

2.5  I9O4O 

*3* 

33* 

2.519828 

*•5*9959 

2.520090 

2.520221 

2.520352 

*3* 

332 

2.521 138 

2.521269 

2.521400 

2.521530 

2.521661 

*3* 

333 

*•5**444 

2.5**575 

2.522705 

2.522835 

2.522966 

130 

334 

2.523746 

2.523876 

2.524006 

2.524136 

2.524266 

130 

335 

2.525045 

2,5*5*74 

2.5*5304 

*•5*5433 

2.525563 

«*9 

336 

2.5*6339 

2.526408 

2 526598 

2.526727 

2.526850 

1 29 

337 

2.527630 

2.5*7759 

2 527888 

2 528016 

2.5*8145 

129 

338 

2.528917 

*.529045 

* 5*9*74 

2.529302 

*•5*943° 

*28 

339 

2.530200 

2.530328 

2.530456 

2.530584 

2.53071 2 

1 28 

340 

2.531479 

2.531607 

2 531734 

2. 531862 

*.531989 

128 

34* 

*•53*754 

2.532882 

2.533009 

*•533*36 

2.533*63 

**7 

342 

2.534026 

*•534*53 

2.534280 

*534407 

*•534534 

**7 

343 

2.535294 

*•5354** 

*•535547 

*-S3S674 

2.535800 

i 26 

344 

2.536558 

2.536685 

2.53681 1 

*536937 

2.537063 

126 

345 

2.537819 

*•537945 

2.538071 

2.538197 

2.5383*2 

126 

346 

2.539076 

2.539202 

2.5393*7 

2.53945* 

*.539578 

**5 

347 

2.540329 

2.540455 

2.540580 

2.540705 

2.540830 

125 

348 

2.541579 

*■54*7*4 

2.541 829 

*•54*953 

2.542078 

**5 

349 

2.54*8*5 

* 54*95° 

*•543074 

* 543*99 

*S4?3*3 

1*4 

35° 

2.544068 

2.544192 

*•5443*6 

2.544440 

2.544564 

'*4 

35* 

*•545307 

* 54543* 

* 545554 

2.545678 

2.545802 

*24 

352 

2.546543 

2.546666 

2.546789 

2.546913 

2 547036 

• 23 

353 

*•547775 

2.547898 

2.548021 

2.548144 

2.548266 

* *3 

354 

*•549003 

2.549126 

2.549*43 

*.549371 

*•549494 

* *3 

355 

2.550228 

2.550351 

*•550473 

2.550595 

*.550717 

' ** 

356 

2.551450 

2.55*572 

*.55*694 

2.551816 

2.551938 

I 22 

357 

2.552668 

*•55*790 

*•55  *9*  * 

*•553033 

* 553*54 

121 

from  i lo  ioooq. 


2.499137 
2.50051 1 
2.501880 
2.503246 
2.504607 
2.505963 
2.507316 
2.508664 
2.510008 
2.511348 


336  2. 
337 1 *• 
333.  *• 

339  *• 

340  2. 

34 * 2. 
34*;  *• 

343 1 *• 

344 *• 
345 !*• 
346  2. 


526985 

528274 

529559 

530840 

5321*7 

>3339' 

534661 

5359*7 

537*89 

538448 

•530703 


2-527*  *4 
2.528402 
2.529687 
2.530968 
2.532245 
2.533518 
*.534787 
2.536053 

2-5373*5 

2.538574 

2.539829 


2.541080 

2.542327 

* 54357' 
2.544812 
2.546049 
2.547282 
2.548512 

*•549739 

2.550962 

2.552181 

*•553397 


2.499275 

2.500648 

2.502017 

2.503382 

*-S°4743 
2.506099 
2.507451 
2.508799 
2.510143 
2.51 1482 


2.5 12818 
2.514149 

*•5'  S476 
2.516800 
2.5181 19 
2.519434 
2.520745 
2.522053 
2.5*3356 
2.524656 
25*595» 

2.527243 

2.5*8531 

2.529815 

2.531095 

2.532372 


2.534914 


2-53744* 


*•539954 


2.541*05 

2.542452 

2.543696 

2.544936 

2.546172 

2.547405 

2.548635 

2.549861 

2.551084 

2.552303 

*•5535*9 


* 502154 
2.503518 


2.500234 


2.508933 

2.510277 


2.512951 

*•5 


2.505014 

2.50037° 

2.507721 


2.51041 1 
2.51175° 


2.513084 

*SI44,5 
2-5*  574* 


2.527372 


2.529943 

2.531223 

2.532500 

* 53377* 

2.535041 


*•5375^7 


2.540079 


2.541330 


■.547529 


2.552425 

2.553640 


*•5249' 5 

2.526210 


*.527501 

2.528788 

*.530072 

*•53  * 35  * 
2.532627 
2.S33899 
2.535*67 
2.53643* 
2.537693 
.538951 
2.540204 


2.541454 

2.542701 

*•543944 

2.545*83 

2.546419 

*.547652 

2.548881 

2.550106 

*-55«3*8 

2.552546 

2.553762 


' Digitized  by  Google 
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N° 
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3 


358  2 

359  2 

360  2 

361  2 

362  2 

363  2 

364 

365 

366 

367 


5538s3 
55S094 
5 563oz , 
5575°/! 
558709 


7.5  54004 
2.555215 
2.556423 
2.557627 
2.558828 
2.560026 
2.561221 
2.562412 
2.563600 
2.564784 


2.554126 
2.555336 
2.556544 
2.557748 
2.558948 
2.560146 
2.56t  340 
2.562531 
2.563718 
2.564903 


2-570543 

2.571709 

2.572872 

2.574031 


2.583652 
2.584557  2.584670  2.584783 
2.585686  2.585799  2.585912 
2. 586812  2. 586925  2.587037 
2.588160 
2.589279 
2590396 


2.591176 
2. 592177  | 2. 592288 
2.593397 
2-594392  | 2.594503 
2.595606 
2.596707 
2.597805 
2.5989OO 

2-599992 
2.6oio8z 
2.602060 1 2.602168 


2.591 287 


2.5915 10 


2. 592399  | 2.592510]  2.592621 
2.593729 
2.594834 


2-595937 

2.597037 


59 

?5< 

38 

m 

Tm, 

59 

3 

2.5< 

H72-1 

9 

57 

7 

2-5' 

ns 

9C 

9; 

79 

l7 

4 

z-5( 

2-5r 

ry4/ 

)802i| 

9C 

>0C 

>9 

2-5c 

?9*  >S 

oc 

>IC 

)I 

2.6c 

>02 1 C 

>01 

190: 

2.6c 

HZ?E 

2.602277  I 2.602386  j 2.602494  | IO8 


from  1 

to  1 0000. 

( 409  ) 

N° 

5 

6 

7 

8 

9 

Dif 

35s 

*.554489 

*.554610 

2-55473* 

2.55485* 

2-554973 

I 2 1 

359 

*.555699 

2.555820 

2.555940 

2.5  56001 

2 5561 82 

1 2 1 

360 

*.556905 

2.557026 

2.557*46 

2.557266 

2-5  573®  7 

121 

361 

*. 558108 

2.558228 

2.558348 

2.558469 

2.558589 

120 

362 

*.559308 

2.559428 

2.559548 

2.559667 

2-S59787 

I 20 

363 

*.560504 

2.^60624 

2.560743 

2. 5(10863 

2.560982 

*19 

364 

2.561697 

*•561817 

2.561936 

2-56*055 

2.562174 

"9 

365 

2.562887 

2.563006 

2.563*25 

2.563*44 

2.563362 

* *9 

366 

2. 564074 

2.564192 

2.564311 

2.564429 

2.564548 

* *9 

367 

2.565257 

2-565375 

2.565494 

2.56561 2 

2.565730 

118 

368 

2.566437 

2.506555 

2.566073 

2.566791 

2. 566qoq 

1 18 

369 

2.567614 

2.567732 

2.567849 

2.567967 

2.568084 

118 

370 

2.568788 

2.568905 

2.569023 

2.569140 

2.569257 

*17 

J7* 

2.569959 

z.  570076 

2.570193 

*. 5703(29 

2.570426 

*'7 

372 

2.571 126 

2.571243 

2-S7*359 

2.571476 

2.571592 

‘*7 

373 

2.5-229! 

2.572407 

2-57*523 

2.57*639 

2-572755 

116 

374 

2.573452 

2.573568 

2.573684 

2.573800 

2-5739*  5 

1 16 

37J 

2.574610 

2.574726 

2.574841 

2 574957 

2.575072 

1 16 

376 

2.575765 

2.575880 

2.575996 

2.5761 1 1 

2.576226 

* *5 

377 

2.576917 

2.577032 

2-577*47 

2.577262 

2-577377 

*'5 

37» 

2.578066 

2.578 1 8 1 

2.578295 

2.578410 

2.578525 

'*5 

379 

2.579212 

2.579326 

2-57944* 

2 • 5 795  5 5 

*.579669 

* *4 

380 

2.580355 

2.580469 

2.580583 

2.5806Q7 

2.58081 1 

*14 

381 

2-582  495 

2.581608 

2.581722 

2.581836 

2.581950 

'*4 

38* 

2.582631 

2.582745 

2.582858 

2.53*972 

2,583085 

* *4 

383 

2.583765 

2.583879 

2.583992 

2.584105 

2.584218 

1*3 

384 

2.584896 

2.585009 

2.585122 

2.585235 

2.585348 

1*3 

385 

2.586024 

2 586137 

2.586250 

2.586362 

2.586475 

113 

386 

2.587149 

2.587262 

2.587374 

2.587486 

2.587599 

1 1 2 

387 

2.588272 

2.588384 

2.588436 

2.588608 

2,588720 

1 12 

388 

2.589391 

2.589503 

2.589614 

2.58Q726 

2.589838 

1 1 2 

389 

2.590507 

2.590619 

2.590730 

2.590842 

2.590953 

1 12 

390 

2.591621 

2.591732 

2.591843 

2 59*955 

2.592066 

1 11 

391 

2.59*732 

2.592843 

2.592954 

2.593064 

2.593175 

I I 1 

392 

2.593840 

2.59395° 

2.594061 

2.594*7* 

2.594282 

1 1 1 

393 

2.594945 

2.595055 

2.595*65 

a.595276 

2.595386 

1 10 

394 

2.596047 

2.596157 

2.596267 

2.596377 

2.596487 

1 10 

395 

2-597*46 

2.597256 

2.597366 

2.597476 

2.597585 

1 10 

396 

2.598243 

2.598353 

2.598462 

2.598572 

2.598681 

1 10 

397 

2-599337 

2.599446 

2.599556 

2.599665 

2-599774 

109 

398 

2.600428 

2.600537 

2.OO0646 

2.600755 

2.600864 

109 

399 

2.601517 

2.601625 

2.601734 

2.601843 

2.601951 

109 

400 

2.602602, 

' 

2.602711 

bs 

0 

K> 

CO 

1 ^ 

2.602928 

2.603036 

108 

( 410  ) 
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N° 

O 

1 

2 

3 

4 

Dif 

401 

402 
4°3 
4°4 

405 

406 

4°7 

498 

409 

410 

2.603144 
2.604226 
2.605305 
2.606381 
2.607455 
2.608526 
2.609594 
2.610660 
2.61 1723 
2.612784 

7.603253 

2.604334 

2.605413 

2.606489 

2.607562 

2.608633 

2.609701 

2.610767 

2.611829 

2.6i28qo 

2.603361 
2.604442 
2.605520 
2 606596 
2.607669 
2.608740 
2.609808 
2.610873 
2.61 1936 
2.612996 

2.603469 
2.604  550 
2.605628 
2.606704 
2.607777 
2.608847 
2.609914 
2.610979 
2.61 2042 
2.613102 

2.003577 
2.604658 
2.605736 
2.6008 1 1 
2.607884 
2.608954 
2.610021 
2.61 1086 
2.612148 
2.613208 

io3 

108 

108 

107 

107 

107 

107 

106 

106 

106 

4" 

412 

4*3 

414 

415 

416 

4*7 

418 

419 

420 

421 

2.613842 
2.614897 
2.615950 
2.617000 
2.618048 
2.619093 
2.620136 
2.621 176 
2.622214 
2-623249 
2.624282 

2.613947 

2.61 5003 

2.616055 

2.617105 

2.618153 

2.619198 

2.620240: 

2.621  2r'o: 

2.622318 

2.623353 

2.624385 

2 614053 
2.615108 
2.616160 
2.617210 
2.618257 
2,619302 
2.620344 
2.621384 
2.622421 
2.623456 
2.624488 

2.614159 
2.615213 
2.616265 
2.677315 
2.618362 
2.619406 
2.620448 
2.621488 
2.622525 
2.623559 
2.62459 1 

2.614264 
2.615319 
2.616370 
2.617420 
2.618466 
2.6195 ' 1 
2.620552 
2.621 592 
2.622628 
2.623663 
2.624694 

106 

105 

105 

,05 

105 

304 

104 

104 

104 

103 

103 

4 22 
4^3 

424 

425 

426 

4*7 

428 

429 

430 

43 1 

432 

2.62531  2 
2.626340 
2.627366 
2.628389 
2.629410 
2.630428 
2.631444 
2.632457 
2.633468 

2,634477 

2.635484 

2.62541 5 
2.626443 
2.627468 
2.628491 
2.62931 1 
2.630529 
2.631545 
2.632558 
2.633569 
2.634578 
2.635584 

2.625518 
2.626546 
2.627571 
2.628593 
2.62961 3 
2.630631 
2.631647 
2 632660 
2.633670 

2.634679 

2.635685 

2.625621 

2.626648 

2.627673 

2.628695 

2.629715 

2.630733 

2.631748 

2.632761 

2.633771 

2.634779 

2.635785 

2.025724 
2.626751 
2.627775 
2.628797 
2.629817 
2.630834 
2.63 1849 
2.632862 
2.633872 
2.634880 
2.635886 

103 

103 

102 

102 

102 

102 

101 

101 

101 

100 

100 

433 

434 

431 

436 

437 

438 

439 

440 

44' 

442 

443 

2.636488 

2.657490 

2.638489 

2.639486 

2.640481 

2.641474 

2.642464 

S-6434S3 

2.644439 

2.645422 

2.646404 

2.636588 

2.637590 

2.638589 

2.639586 

2.640581 

2.641573 

2.642563 

*•^435  5* 

2.644537 

2.645520 

2.646502 

2.636688 

2.637690 

2.638689 

2.639686 

2.640680 

2.641672 

2.642662 

2.643650 

2.644635 

2.645619 

2.646600 

2.636789 

2.637790 

2,638789 

2.639785 

2.640779 

2-641771 

2.642761 

2.t543749 

2.644734 

2.643717 

2.646698 

2.636889 

2.637890 

2:638888 

2.639885 

2.640879 

2,641870 

2,642860 

2.643847 

2.644832 

2.645815 

2.646796 

100 

100 

99 

99 

99 

99 

99 

98 

98 

9«t 

98 

from 


to  i oooo. 


5 


1 603085 
£.60+766 
£.6058+3 
£.606918 
£.607991 
1 609060 
2.610128 
£.611192 
2.61225+ 
2.613313 


2624798 


422  2.62582.7 
+23  2.626853 
+2+  2.627878 
+25  2.628900 

426  2.629919 

427  2.630936 

428  2.631951 

429  2.632963 

430  2.633973 

431  2.634981 


2 614475  * 
2.615529  2 
«. 616580  2 
2.617629  2 
2.618675  2 
2.619719  2 
2.620760  2 
2.621799  2 
2.622835  2 
2.623869  * 2 
2.6249OI  2 


.614581 

.615634 

.616685 

•617734 

.618780 

.619823 

.620864 

.621903 

.622939 

.623972 

.625004 


2.614686 
2.615740 
2.616790 
2,617839 
2.618884 
2.619928 
2.62O968 
2.622OO7 
2.623042  2.6 
2.624076  2.6 
2.625107  2.6 


2.626135 
2.627161 
2. 628184 
2.629206 
2.630224 
2.631241 
2.632255 
2.633266 
2.634276 
2.635283 
2.636287 


3739O 

38389 

39387 
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N° 

O 

I 

2 

3 

4 

Dif 

444 

44  s 

446 

447 

448 

449 

450 

45* 

45  2 
455 

2.647383 

2.648360 

2-64933S 

2.650307 

2.651278 

2.652246 

2.653212 

2.654176 

2.655138 

2.656098 

2 647481 
2.648458 
2 649432 
2.650405 
2.651375 
2.652343 
2.653309 
2.654273 
2.655234 
2.656194 

2.647578 
2.648555 
2.649530 
2.650502 
2.651472 
2 652440 
2.653405 
2.654369 
2.655331 
2.656290 

2.647676 
2.648653 
2.649627 
2.650599 
2.65 1 569 
2.652536 
2 653502 
2.654465 
2.655427 
2 656386 

2 647774 
2.648750 
2.649724 
2.650696 
2.651666 
2652633 
2.653598 
2.654562 
2.655523 
2.656481 

98 

97 

97 

97 

97 

97 

96 

96 

96 

454 

4S£ 

456 

457 
45  8 

459 

460 

461 

462 

463 

464 

2.657056 
2.65801 1 
2.658965 
2.659916 
2.660865 
2.661813 
2.662758 
2.663701 
2.664642 
2.665581 
2. 6665x8 

2.657151 
2.658 107 
2.659060 
2.6600 1 1 
2.660960 
2.661907 
2.662852 
2.663795 
2.664736 
2.665675 
2.66661 2 

2.657247 

2.658202 

2.659155 

2.66010  6 

2.661055 1 

2.662002 

2.662947 

2.663889 

2.664830 

2.665768 

2.666705 

-2-657343 

2.65S298 
2.65925. 
2.660201 
2.661 150 
2.662096 
2.663041 
2.663983 
2.664924 
2.665862 
2.666799 

2.657438 
2.658393 
2.659346 
2.660296 
2.661 245 
2.662191 
2.663135 
2.664078 

2. 665OI8 

2.665956 

2.666892 

96 

95 

95 

95 

95 

95 

94 

94 

94 

94 

94 

465 

466 

467 

468 

469 

470 

47 1 
47  2 

473 

474 

475 

2.667453 

2.668386 

2.669317 

2.670246 

2-67»  *73 
2.672098 
2.673021 
2.673942 
2.674861 
2.675778 
2.676694 

2.667546 
2.668479 
2.669410 
2.670339 
2.671265 
2 672190 
2.673113 
2.674034 
,2.674953 
2.675870 
2.676785 

2.607640 

2.668572 

2.669503 

2.670431 

2.671358 

2-672283 

2.673205 

2.674126 

2.675045 

2.675961 

2.676876 

2.667733 
2.668665 
2. 669596 
2.670524 
2.671451 
2.672375 
2.673297 
2.674218 
2.675136 
2.676053 
2.676968 

2.667826 
z.  668758 
2.669689 
2.670617 
2671543 
2.672467 
2.67339O 
2 6743IO 
2.675228 
2.676145 
2. 677059 

93 

93 

93 

93 

93 

92 

92 

92 

92 

92 

91 

476 

477 

478 

479 

480 

481 

482 

483 

484 

485 
.486 

2.677607 

2.678518 

2.679428 

2.680335 

2.681241 

2.682145 

2.683047 

2.683947 

2.684845 

2.685742 

2.686636 

2.677698 

2.678609 

2.679519 

2.680426 

2.681332 

2.682235 

2.683137 

2.684037 

2.684935 

2.685831 

2.686726 

. 

2.677789 
2.678700 
2.679610 
2.680517 
2.681422 
2.682326 
2.683227 
2.6841 27 
2.685025 
, 2.685921 
2.686815 

2.677881 
2.678791 
2.679700 
2.680607 
2.681513 
2.682416 
2.683317 
2.684217 
2.685 1 >4 
2.680010 
2.686904 

2.677972 
2.678882 
2 679791 
2.680698 
2.681603 
2. 682506 
2.683407 
2.684307 
2.6852O4 
2 686lOO 

2.686994 
1 • 

9' 

91 

9‘ 

91 

90 

90 

90 

90 

99 

1 89 
89 

from  i to  ioooo.  - 


( 4' 3 ) 


454  2 6 17  >*72 

445  2.648848 

446  2.649821 

447  *-6J0793 

:.6,- 17 

2.6cZ7 


454  2 

455  2 

456  2 

457  2 

4,-8  2, 

459  2 

460  2. 

461  2 

462  2. 

463  2. 

464  jz. 


•657531 

65S48S 
.639441 
660391 
.661339 
.662285 
.663230 
.664172 
.6651 1 2 
.660050 
.666986 


2.657629 
2 658584  j 
2.659536 1 
2.660486  J 
2.661454  I 
2.662380 
2 663324 
2.664266 
2.665206 
z. 666143 
2.667079 


2.608013 
2 66894  5 
2.669874 
2.670802 
2.671728 
2 672652 
2-673  574 

2.674494 

2.675412 

2.676328 

2.677242 


2.657725 
2 658679 
2.65963 1 
2.66^581 
2 661 529 

2.062474 
2.66341 8 
2 664360 
2.665299 
2 666237 
2.667173 


2.668 106 
2 669038 
2.669967 
2.670895 
2 67182I 
2.672744 
2.673666 
2.674586 
2 675503 
2.676419 
2 67733  4 


9 Dif 


*.648262 


478 

2.679882 

2. 

479 

2 680789 

2. 

480 

z.68 1693 

2. 

481 

2.682596 

2 

482 

2.683497 

2. 

483 

z. 684396 

2. 

484 

2 685294 

2. 

485 

2.686l  89 

2. 

486 

2.687083 

2. 

682686 


2.657820 
2.658774 
2.659726 
z. 660676 
2.661623 
2.66256  9 
2.663512 

2.664454 
2.665393 
2 6663  3 1 
2.667266 


2.668 199 
2 6691 3 1 
2 670060 
2.670988 
2 671913 
2. 672836 
2 673758 
2.674677 
2.675595 
2. 6765I  1 
2 677424 


2.68 1060 


A Table  of  Logarithms, 


3 

2.687796 
2.688687 
2.689575 
2.690462 
2.69,347 
2.692230 
2.69311 1 

*-69399» 

2.694868 

2.695744 


+97 

498 

+99 

500 

501 

502 1 2.700704 

S°3 

504  z.702430 

505  2.703291 

506  2.704150 
2.705008 


2.705864 
2.7067:8 
2.707570 
2.708421 
2.709270 
2.7:01 :7 
2.7:0963 
2.71 : 807 
2.7:2650 

2.713+9® 

2.7:4330 


5*9 

520 

52‘ 

522 

523 

524  2 

525  2 

526  2. 

5*7. 
5*8  2 
529  2 


7:5*67 
6003 
6838 
7670 
85OZ 

7*933* 

720:59 

720986 


2.702517 

2.703377 


2.705094 


2.705949 
2706803 
2.707655 
2.708506 
2.709355 
2.7:0202 
2.7: 1048 
2.7: 189: 
2.7:2734 
2.7:3574 
2.714414 


2.7*  5251 


2.704322 

2.705*79 


2.706035  2. 
2.706888  2, 
2.707740  2, 
2.708591  2. 
2.709440  2. 
2.710287  2, 
2.711132  2 
2.711976  2 
2.712818  2 
2.713658  2 
2.714497  2 


706120 

706974 

707826 

70S676 

709524 

710371 

711216 

712060 

712902 

7'3742 

714581 


2.701050 

2.701913 

2.702775 


2.704494 
2 705350 


6205 

7059 

79*' 


2-7'77?4 


2-7  *94*4 

2.720242 


2-7 * 5 3 3 5 2-7*S4'8  2-7*SS°2 
2.716170  2.716254  2.716337 
2.717004  2.717088  2.717171 
2.717920  2.718003 
2.718751  2.718834 
2.719580  2 719663 
2.720407  2.720490 
2.721233  2.721316 
2.722038  2 722140 
2.722881  2 722963 
2.723702  2.723784 


from  i'  to  ioooo. 


487  *.687975 

488  *.688865 

489  2.689753 

490  *.693639 

491  2.691523 
49*  2,692406 


497 

498 

499 

500 

501  2 

502  2. 

503  2 

504  2 

505  2, 

506  2. 


700271 

701136 

701999 

70*861 

703721 

7°4)79 

70541* 


*.688064 
2 688933 
2.6898  ( I 
2.690727 
2.69161  2 
12.69*494 
2. .693375 
I.694254 
2.693131 
2.696007 

2.696880 
2.69775* 
2.698622 
2.699491 
2.7OO357 
2 701222 
2.-02086 
*.702947 
2.703807 
2.704665 
2 705522 


2.707144 

2.707996 

2.708846 


2.712229 

*.713070 

2.7I39IO 

2.714749 


*. 7«5586 


2.688153 
2.689O42 
z. 689930 
2 693816 
2.691 7°° 
2.692583 
2.693463 
2.69434* 
2.6952 19 
2.696094 

2.696968 

2.697839 

2.698709 

*-699578 

2.700444 

2.701309 

*•70*172 

2.703033 

2,703893 

2.704751 

2.703607 


2.706462 

2.7073,5 

2.708166 

27090 1 5 
2.709863 
*.710710 
2.711554 
2.712397 
2.713238 
2.714078 
2.71 491 6 


2.71733812.717421 


2.719911 

2.720738 


8 


2.688242 


2.691788 
*.69267  r 
2.693551 
*.694430 
2.695  5°6 


2.697055 
2.697926 
2.698796 
2.699664 
2.700531 
2.701395 
2.702258 
2.703119 
2.703979 
2.704837 
2.705693  I 


2.706547 
*•707400 
*.708251 
*•709100 
2.709948 
2.710794 
2.71 1638 
2.712481 
2.713322 
2.714162 
2.715000 

2.715836 

2.716671 

2.717504 

2.718336 

2.719*65 

2.719994 

2.720821 

2.721646 

2.722469 

2.723291 


2.68833 1 


2.691877 

2.6927.59 

2.693639 

2.694517 

2.695394 


*.70143*1 

*.702344 
2.703205! 


2.706632 

2.707485 

2.708336 

2.709185 

2.710033 

2.710879 

2.711723 

2.712565 


2.7159201 


Digitized  by  Google 
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NP 

O 

I 

2 

3 

4 

Dif 

53° 

2.724276 

2.714358 

2.724440 

2.724522 

2.724603 

82 

53* 

725094 

2.725 176 

2.725258 

2725340 

2.725421 

82 

S32 

2.725912 

2.725993 

2.726075 

2.726156 

2.726Z38 

82 

533 

2.726727 

2.720809 

1.726890 

2.726972 

2,727053 

81 

534 

2.72754I 

2.727623 

2727704 

2.727785 

2.72786b 

81 

535 

2,728354 

2.728435 

2.728516 

*.728597 

2.728678 

Si 

536 

2.729165 

2.729246 

2.729327 

2.729408 

2.729489 

81 

537 

2.729974 

2.730055 

2.730136 

2.730217 

2.730298 

81 

538 

2.730782 

2.730863 

2.730944 

2.731024 

2.73**05 

81 

539 

*-73 1 589 

2.731669 

2.731750 

2.731830 

2.731911 

81 

540 

2.732394 

273*474 

2732555 

2.732635 

27327*5 

80 

54* 

2733i97 

2733277 

2733358 

2733438 

*7335*8 

SO 

542 

2 733999 

2.734079 

2.734159 

2.734240 

2.734320 

80 

543 

2.754800 

2.734880 

2.734960 

2.735040 

2.735120 

80 

544 

2735599 

2.735679 

2.735758 

2.735838 

2.735918 

80 

545 

2.736396 

2.736476 

2736556 

2.736635 

2.7367*5 

80 

546 

2737*93 

2.737272 

2737352 

273743* 

27375** 

79 

547 

2.737987 

'2.738067 

2.738146 

2.738225 

2.738305 

79 

548 

2.738781 

2.738860 

2.738939 

2.7390*8 

2739097 

79 

549 

2.739572 

2.739651 

273973® 

2.739810 

2.739889 

79 

55° 

2740363 

2.740442 

2.740521 

2740599 

2.740678 

79 

55* 

2.741152 

2.741230 

2.741309 

2.741 388 

*74*467 

79 

552 

2.741939 

2.742018 

2.742096 

2.742175 

2742*54 

' 79 

553 

2.742725 

2.742804 

2.742882 

2.742961 

2.743039 

78 

554 

2743510 

2743588 

2.743666 

2743745 

2.743823 

78 

555 

2.744293 

*74437* 

2744449 

2.744528 

2.744606 

78 

556 

2.745075 

2.745*53 

274523* 

2.745309 

2745387 

78 

557 

2745855 

2745933 

2.74601 1 

2.746089 

2.746167 

78 

558 

2.746634 

2.746712 

2.746790 

2.746868 

2.746945 

78 

5S9 

2.747412 

2747489 

2747567 

2.747645 

*7477*2 

78 

560 

2.748188 

2.748266 

2.748343 

2.748421 

2.748498 

77 

561 

2.748963 

2.749040 

2.7491 1 8 

2.749195 

2.749*72 

77 

562 

2749736 

2.749814 

2.749891 

2.749968 

2750045 

77 

563 

2.750508 

2.750586 

27  50663 

2.750740 

2,750817 

77 

564 

275l279 

2.751356 

275*433 

2.751510 

2 75'587 

77 

56s 

2.752048 

2.752125 

2.752202 

2.752279 

2.752356 

77 

S66 

2.752816 

2752893 

2.752970 

2.753047 

* 753**3 

77 

567 

2755783 

2.753660 

2 753736 

27538*3 

2.753889 

77 

568 

2754348 

2.754425 

2.754501 

2.754578 

2.754654 

77 

569 

*•755'** 

2755189 

2.755265 

275534* 

2-7554*7 

76 

570 

2.755875 

*75595* 

2.756027 

2.756103 

2.756180 

76 

57* 

2.756636 

2.756712 

2756788 

2.756864 

2.756940 

76 

572 

2.757396 

2.757472 

2757548 

2.757624 

2.757700 

76 

Digitized  by  Google 


from  i to  ioooo.  ( 417  ) 1 


Np 

5 

6 

7 

8 

9 

Dif 

53° 

2.724685 

*.7*4767 

2.724849 

*•7*493' 

7.72501  3 

82 

S3' 

2.725503 

*.725585 

2.7256.7 

2.725748 

2.725830 

82 

S32 

2.726320 

2.726401 

2.726483 

2.726564 

2.726646 

b2 

533 

2.727134 

2.727216 

2.727297 

2.727379 

2,727460 

81 

53+ 

2.727948 

2.728029 

2.7281 10 

2.728191 

2.728273 

81 

535 

2,728759 

2.728  841 

2.728922 

2.729003 

2.72908 1 

Si 

536 

2.729570 

2.729651 

2.729732 

2.729813 

2.729893 

8 1 

537 

2.730378 

*.730459 

2.73054° 

2.730621 

2.730702 

8l 

S38 

2.73 1 186 

2.731266 

2.7313+7 

2.73142S 

2.73150b 

8l 

539 

2.73199' 

*.732072 

2.732152 

2.73*233 

2.73*3 1 3 

81 

540 

2.732796 

2.732876 

2.732956 

*-733°37 

*•733  1 *7 

8° 

S+1 

2.733598 

2.733679 

*•733759 

*-733839 

*"7359'9 

So 

54* 

2 734400 

2.734480 

2.734560 

2.734640 

2.734720 

8° 

543 

2.735200 

2.735279 

2-735359 

*•735439 

2.7355*9 

80 

544 

2.735998 

2.736078 

2.736157 

2-736237 

2.736317 

80 

545 

2.730795 

2.736874 

2.736954 

2737034 

*•737' 1 3 

8° 

546 

2.737590 

2.737670 

*•7377+9 

*.737829 

2.737908 

79 

547 

2.738384 

2.738463 

2.738543 

2.738622 

2.738701 

79 

S4« 

2-7  39*  77 

2.739256 

*•739335 

z7394*4 

*■739493 

79 

549 

2.739968 

2.740047 

2.740126 

*•740205 

2.740284 

79 

S5° 

2-74°757 

2 740836 

2.740915 

z. 740994 

2.741073 

79 

55* 

2.741540 

2.741624 

2.741703 

2.741782 

2.741860 

79 

552 

2.742332 

*.742411 

2.742489 

2742568 

2.742647 

79 

5 53 

2.743118 

2.743196 

*•743*75 

*•743353 

2-74343* 

78 

554 

2.743902 

2.743980 

2.744058 

2744136 

2-744**5 

78 

555 

2.744684 

2.744762 

2.74484° 

2.744919 

*•744997 

78 

Syb 

2.745465 

2.745543 

2.745621 

*•745699 

*•745777 

78 

557 

2.746243 

2.746323 

2.746401 

2.7*46479 

2.746556 

78 

558 

2.747023 

2.747101 

2.747179 

2.747256 

*•747334 

78 

559 

2.747800 

2.747878 

*•747955 

2.748033 

2.748 1 10 

78 

5 bo 

z. 748576 

2.748653 

2.748731 

2.748808 

2.748885 

77 

56' 

2.749350 

2.749427 

2.749504 

2.749382 

2.749659 

77 

562 

z. 7501 25 

2.750200 

2.750277 

2.750354 

2.750431 

77 

5^3 

2.750894 

2.750971 

2.751048 

2.751125 

2,751202 

77 

564 

2.751664 

2.751741 

2.751818 

2.7  5 '895 

2.751972 

77 

565 

*•75*433 

2.752509 

2.752586 

2.752663 

2.752740 

77 

566 

2.7532°° 

2-753*77 

2-753353 

2.753430 

2.753506 

77 

567 

2.753966 

2.754042 

2. 754'  '9 

2.754195 

2.754272 

77 

568 

*•75473° 

2.754807 

2.754883 

2 754960 

2.755036 

76 

569 

*-7S5494 

2-75557° 

2.755646 

2.755722 

2-755799 

”6 

57° 

2.756256 

2.756332 

2.756408 

2.756484 

2-756560 

7a 

57' 

2.757016 

2.757092 

2.75716s 

2.757244 

2.757320 

76 

572 

*•757775 

2.757851 

*•7579*7 

2.758003 

2.758079 

76 

L c 


Digitized  by  Google 
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N9  ° 

*-758,55 
2.758912 
2.759668 
2.760422 
2.761 176 
2,761928 
2.762679 
2.763428 
2.76417  6 
2.764923 


Sg3 

584 

585 

586  j2. 

587  2. 

588  2. 

589 


2.758230 

2.758988 

*•759743 
2.760498 
2.761 25 1 
2.762003 
2.762754 

2-763S°3 
2.764251 
2. 764998 

2-765743 
2.766487 
2.767230 
2.767972 
2.7687  I 2 
2.76945! 
2.770189 
2.77O926 
2.771661 
2.772395 
2 773428 


2.758306 

2.759063 

2.7598I9 

2.760573 

2.761326 

2.762078 

2.762829 

2.763578 

2.764326 

2.765072 

2.765818 

2.766562 

2.767304 

2.768046 

2.768786 

2.769525 

2.770263 


*•773933 

2.774663 

2.775392 

2.776120 

2.776846 

*•7775  7* 

2.778296 

2-7790,9 
2.779741 
2.780461 
2.781 181 


3 


2.758382 

*•759*39 
2.759894 
2.760649 
2.761402 
2.7621  53 
2.762904 
2.763652 
2.764400 
2.765147 


2.765892 

2.766636 

*-767379 

2.768120 

2.768860 

2.769599 

*.770336 

2.771073 

2.771808 

2.772542 

2-773*74 


2.774005 

*•774736 
2.775465 
2776193 
2.776919 
2.777644 
2.778368 
2 779091 
2.779813 
2.780533 
2.781253 


2.781971 
2.782688 
2.783403 
2.7841 18 
2.78483 1 
2.785543 
2.786254 
2.786964 
2.787673 
2.788381 
2.789087 


2.758458 

2.7592.4 

2.759970 

2,760724 

2.761477 

2.762228 

2.762978 

2.763727 

2.764475 

2.765221 


2.774079 

2.774809 

2.775538 

2.776265 

2.776992 

*•7777*7 

2.778441 

2.779163 

2.779885 

2.780605 

2.781324 


2.782042 

2,782759 

2.783475 

2.784189 

2.784902 

2.785615 

2.786325 

2.787035 

2.787744 

2.788451 

2.789157 


from  i to  ioooo.  ( 419  ) 


N° 

n 

8 

9 

Dif 

573 

*•758533 

2.758609 

2.758685 

2.758761 

2.758846 

7b 

S74 

z. 759290 

*.759366 

2.759441 

2.759517 

2.75959* 

76 

S 7 5 

2.760045 

2.760121 

2.760196 

2.760272 

*.760347 

75 

S76 

2.760799 

2.760875 

2.760950 

a. 761025 

2.761 101 

75 

577 

2.761552 

2.761627 

2.761 702 

2.761778 

2.761854 

75 

578 

2.762303 

2.762378 

2.762453 

2.762529 

2.762604 

75 

579 

2.763053 

2.7631  28 

2.763203 

2.763278 

2.763353 

75 

580 

2.763802 

*.763877 

*.763952 

2.764027 

2.764101 

75 

581 

2.764550 

2. 764624 

2.764699 

2 764774 

2.764848 

75 

582 

Z.765370 

2.765445 

2.765520 

*.765594 

75 

583 

2.766H5 

2.766190 

2.766264 

2.766448 

74 

■ijjfl 

276685Q 

2.766933 

2.767007 

2.767082 

74 

IBOi 

1 gEI*TI«7Tg 

2.767675 

2.767749 

2.767823 

74 

| til-1 

2.768416 

2.768490 

2.7(8564 

74 

587 

2.769008 

2.769082 

2.7691 56 

2.769230 

*.769303 

74 

588 

2.769746 

2.769820 

2.769968 

2.770042 

74 

5«y 

2.770484 

*■770557 

2.770631 

2.770705 

2.770773 

74 

590 

2.771220 

2.771*93 

2.771367 

2.771440 

2.771514 

74 

59' 

z-77'955 

2.772102 

2.772175 

2.772248 

73 

59* 

2.772688 

2.772762 

2.77*835 

2.772908 

2.772981 

73 

wm 

*•773494 

*•773567 

*•773640 

*•773713 

73 

594 

*.774152 

2.774225 

2.774298 

2-77437* 

*.774444 

73 

595 

2.774882 

* 774955 

2,775028 

2.775100 

*•775*73 

73 

596 

2.775610 

*.775683 

*•775756 

2.775829 

2.775902 

73 

597 

2.776338 

2.776411 

2.776483 

2.776556 

2.776629 

73 

598 

*.777064 

*•777' 37 

2.777209 

2.777282 

*-777354 

73 

599 

* 777789 

2.777862 

*■777934 

2.778006 

2.778079 

7* 

600 

*778513 

2.778585 

2 77S658 

2.778730 

2. 778802 

7* 

601 

2.779*36 

*.779308 

2.779380 

2.779452 

2.779524 

7* 

6oz 

*■779957 

2.780029 

2.780101 

2.780173 

2.780245 

7* 

60  j 

2.780677 

2.780749 

2.780821 

2.780804 

2.780065 

7* 

604 

2.781 396 

2.781468 

2 781540 

2.781612 

2.78  1684 

7* 

605 

2.7821 14 

2.782186 

2 782258 

2.782329 

2.7824OI 

7* 

606 

2.782831 

2.782902 

2.782974 

2.783046 

2.783H7 

7* 

607 

2.783546 

2.783613 

2.783689 

*^376' 

2.783832 

7* 

608 

2.784261 

2.78433* 

2.784403 

2.734475 

2.784546 

7* 

609 

2.784974 

2.785045 

2.7851 16 

2.785187 

2.785259 

7* 

610 

2.785686 

2.785757 

2.785828 

2.785899 

2.785970 

7* 

6l  I 

2.786396 

2.786467 

2.786538 

2.786609 

2.786680 

7* 

6(2 

2.787106 

2.787177 

2.787248 

2.787319 

2.787590 

7* 

613 

2.787815 

2.787885 

*•787956 

2,788027 

2. 788098 

7* 

644 

2.788522 

2.788593 

2.788663 

*.788734 

2.788804 

7* 

615 

% 

2.789228 

2.789299 



2.789369 

2.789440 

2.789510 

7* 

E c a 
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from  x to  ioooo. 


6 1 6 z 

617  2 

618  2 

619  2 

620  2 

621  2 

622  2 

623  2 

624  2 

625  2 


626  2 

627  2 

628  2 

629  2 

630  2 

631  2 

632  2 

633  2 

634  2 

635  2 

636  2 


789933 

79°037 
791340 
792041 
792742 
79344* 
794 '39 
794836 

795  53 2 
796227 


796921 

797614 

798305 

798996 

799685 

800373 

801060 

801747 

802432 

803116 

803798 


2.790003 
2.790707 
2.791410 
2.7921 1 1 
2.79281 2 

2-793S" 

2.794209 

2.794906 

2.795602 

2,796297 


2.796990 

2.797683 

2.798374 

2.799065 

2-799754 
2.800442 
2.801 129 
2.801 81 5 
2.802500 
2.803184 
2.803867 


2.8 

2.811 240 1 2.81 1 307 


2.81 1910 
2.812579 
2.813247 
2.813914 
2.814580 
2.815246 
2.815910 
2.816573 
2 817235 
2.817896 
2.818556 


2.790074 

2.790778 

2.791480 

2.792181 

2.792882 

2.793581 

2.794279 

2.794976 

2.795671 

2.796366 


2.797060 
2.797752 
2.798443 
2.799134 
2.799823 
2.80051 1 
2,801 198 
2.801884 
2.802568 
2.803252 
2.803953 


2.804616 
2,805297 
2.805976 
2.806655 
2.807332 
2.808008 
2 808683 
2.809358 
2.810031 
2.810703 
2811 374 


2.812044 
2.812713 
2.813381 
2.8 14048 
2.814714 
2.81-5378 
2.816042 
2.816705 
2.817367 
2.818028 
2.818688 


2-790l44 
2.790848 
a. 791550 
2.792252 
2.792952 
2.793651 
2.794349 
2.795045 

2 79574' 
796436 


z,797' 29 


2.79021 5 
2.79091 8 
2.791620 
2.792322 
2.793022 
2.793721 
2.7944  i8 
2.795115 
2.795810 
2.796505 


2-7S7 '9®  69 


2 799203  | 2.799272 
2.799960 


2.804003 


2.804685 
2.805365 
2 806044 
2.806723 
2.807400 
2.808076 
2.80875 1 
2.809425 
2.810098 
2.810770 
2.8 1 1441 


2.8121 1 1 
2.81 2780 
2.813447 
2.8141 14 
2.814780 
2.815445 
2 816109 
2.816771 
2.817433 
2.8 1 8094 

2. 8l  8754 


2 80407  I 


2.804753 
2.805433 
2.8o6|  1 2 
2.80679O 
2.807467 
2.8o8  I43 
2.8o88l8 
2.809492 
2.81OI65 
2.810837 

2.8l  I 50 6 


2.8l  2178 
2.8 1 2846 
2.8I35I4 
2.814181 
2.8I4847 
2.8155I  I 
2.8l6l75 
2.816838 
2 817499 
2 8l8l6o 
2.8l88l9 


( 42  2 ) 

A Table  of  Logarithms, 

N° 

O 

1 

2 

3 

4 

Dif 

659 

2.818885 

2.818951 

2.819017 

2.819083 

2.819149 

66 

660 

2.819544 

2.819610 

2.819675 

2.819741 

2 819807 

66 

66 1 

2.820201 

2.820267 

2.820333 

2.820398 

2.820464 

66 

662 

2.820858 

2.820924 

2.820989 

2.821055 

2.S2 1 1 20 

66 

663 

2.821 51 3 

2.821 579 

2.821644 

2.821710 

2.821775 

65 

664 

2.8221 68 

2.822233 

2.822299 

2.822364 

2.822430 

6S 

663 

2.822822 

2.822887 

2.822952 

2.82301 7 

2.823083 

6 5 

666 

2.S23474 

2.823539 

2.823605 

2.823670 

2.823735 

65 

667 

2.824126 

2.824191 

2.82425b 

2.824321 

2.82438b 

6S 

668 

2.824776 

2.824841 

2.824906 

2.824971 

2.825036 

6S 

' 669 

2.825426 

2.825491 

2.825556 

2.825621 

2.825686 

670 

2.826075 

2.826140 

2.826204 

2.826269 

2.826334 

6S 

67* 

2.826722 

2.826787 

2.826852 

2.82691 7 

2 826981 

672 

2.827369 

2.827434 

2.827498 

2.827563 

2.827628 

6S 

673 

2.82801 5 

2.828080 

2.828144 

2.828209 

2.828273 

64 

674 

2.828660 

2.828724 

2.828789 

2.828853 

2.82891  8 

64 

675 

2.829304 

2.829368 

2.829432 

2.829497 

2.829561 

64 

676 

2.829947 

2.83001 1 

2.830075 

2.830139 

2.830204 

64 

677 

2.830589 

2.830653 

2.830717 

2.830781 

2.830845 

64 

678 

2.831230 

2.831294 

2.831358 

2.831422 

2.831 486 

64 

679 

2.831870 

2.831934 

2.831998 

2.832062 

2.832125 

64 

680 

2.832509 

2.832573 

2.832637 

2.832700 

2 832764 

64 

68 1 

2.833147 

2.833211 

2.833275 

2.833338 

2.833402 

64 

682 

2.833784 

2.833848 

2.833912 

2.833975 

2.834039 

64 

683 

2.834421 

2.834484 

2.834548 

2.83461 1 

2.834675 

64 

684 

2.835056 

2.835120 

2.835183 

2.835246 

2 8353IO 

63 

685 

2.835691 

2-835754 

2.835817 

2.835881 

2.835944 

63 

686 

2.836324 

2.836387 

2.836431 

2.836514 

2.836577 

63 

687 

2.836957 

2.837020 

2.837083 

2.837146 

2.8372O9 

63 

688 

2.837588 

2.837652 

2.837715 

2.837778 

2.837841 

63 

689 

2.838219 

2.838282 

2.838345 

2.838408 

2.83847I 

63 

690 

2.838849 

2.838912 

2.B38975 

2.839038 

2.839IOI 

63 

691 

2.839478 

2.839541 

2.839604 

2 839667 

2.839729 

63 

692 

2.840106 

2.840169 

2.840232 

2.840294 

2.840*5? 

63 

fc93 

2.840733 

2.840796 

2.840859 

2.840921 

2.84O984 

6? 

694 

2.841359 

2.841422 

2.841 485 

2.841547 

2.84161O 

63 

69; 

2.841985 

2.842047 

2.8421 10 

2.842172 

2.842234 

62 

696 

2.842609 

2.842672 

2.842734 

2.842796 

2.842859 

62 

697 

2.843233 

2.843295 

2.843357 

2.84342O 

2.843482 

62 

698 

2.843855 

2.843918 

2.843980 

2.844042 

2.844IO4 

62 

• 699 

2.844477 

2.844539 

2.844601 

2.844663 

2.844726 

62 

700 

2.845098 

2.845160 

2.845222 

2.845284 

2.845346 

62 

701 

2.845718 

2.845780 

2.845842 

2.845904 

2.845966 

62 

from  i to  ioooo. 


7 

2.819346 
2.820004 
2.820661 
2.821317 
2.821972 
2.822560 1 2.822626 
2.823279 
2.823930 
2.824581 
2.825166 1 2.825231 


2.825880 
2.826528 

2. 827046I2. 827m  2.827175 
2.827692(2.827757  2.827821 
2.828467 
2.8291 1 > 
2.829754 
2.8303961 
2.83 1037 1 
2.831678 
2JI323117 
2.832956  2 
2.833593  2 
2.834230  2 
2.834866  2 
2.835500  2 
2.836134  2 
2.836767  2. 
2.837399  2. 
2.838030  2. 


2.839918  2. 
2.840545  2. 
2.841  >72  2 
2.841797  2. 
2.842422  2 
2.843046  2. 
2.843669  2. 
2.844291  2. 
2.844912  2. 
2.845532  2. 
2.846151  2, 


833019 

833657 

834293 

834929 

835564 

836197 

836830 

837462 

838093 

838723 

839352 


839981 
840608 
841 234 
841860 
842484 
843108 
843731 

844353 

844974 

845594 

846213 


2.819478 
2.8201 36 
2.820792 
1 2.821448 
2.822103 
2.822756 
2.823409 
2.824061 
2. 824711 
2.825361 
2.826010 
2.826658 
2.827305 
2.827950 
2.828595 
2.829239 
2.829882 
2.830524 
2.83 1 166 
2.831805 
2.832445 


2-»330*3 

2.83372i 

2.834357 

2.834993 

2.835627 

2.836261 

2.836893 

2 837S25 
2,838156 
2 838785 
2.839415 


2.846043 
2.840671 
2.841 297 
2.841922 

z-®42547 
2.843170 
1.843793 
2-8444 1 5 
2.845036 
2.845656 
2.84627s 


( 424  ) A Table  of  Logarithms, 


o 

& 

O 

I 

2 

3 

4 

Dif 

7C2 

2.840337 

®463V9 

2.846461 

2.846523 

2.846584 

62 

7°  3 

2.846955 

2.847OI7 

2.847079 

2.847141 

2.84720  2 

62 

7°+ 

2.84/573 

2.847634 

2.84769(1 

2.847758 

2.847819 

62 

7°5 

2.848189 

2.84823  1 

2.848312 

2.848374 

2.848435 

62 

706 

2.848805 

2.848866 

2.848928 

2.848989 

2.849051 

6l 

707 

2.849419 

2.84948I 

2.849342' 

2.849604 

z. 849665 

6l 

70S 

2.830033 

2.850095 

2.850156 

2.85021 7 

2.850279 

6l 

709 

2.850646 

2.85O7O7 

2.850769 

2.850830 

2.850891 

6l 

710 

2.851258 

2.851319 

2.85 1 381 

2.851442 

z.851503 

61 

7*  * 

2.851870 

2.85  I93  ' 

2.85 1992 

2.852053 

2.852 1 1 4 

6l 

7,z 

2.852480 

2.852541 

2.852602 

2.852663 

z.852724 

61 

713 

2.853089 

2.853150 

2.85321 1 

2.853272 

2.8;3333 

6l 

714 

2.853(398 

2.853759 

2.853320 

2.853881 

2 853941 

61 

7*5 

2.854306 

2.854367 

2. 854427 

2.854488 

2.854549 

61 

716 

2.854913 

2.854974 

2.855034 

2.855095 

2.855156 

61 

717 

2-855519 

2.855580 

2.855640 

2.855701 

2.855761 

to 

7'8 

2. 856I  24 

2.8561  85 

2.856245 

2.856306 

2.856366 

60 

7*9 

2.856729 

2.856789 

2.85685O 

2.857910 

2.856970 

60 

720 

Z.857332 

2.857393 

2.8S74;3 

2R575 1 3 

2.857574 

60 

72 1 

2.857935 

2.857995 

2.858056 

2.858116 

2.858176 

60 

7 2 2 

2. 858537 

2.858597 

2.858657 

2.858718 

2.858778 

60 

7 23 

2.859138 

2.859198 

2.859258 

2.8593 18 

2.859378 

60 

724 

2.859739 

2.859798 

2.869858 

2.859918 

2.859978 

-60 

725 

2.860338 

2.860398 

2.860458 

2.8605 18 

z.860578 

60 

726 

2.860937 

2. 860996 

2.861056 

2.861 1 16 

2.861 176 

60 

727 

2.86l  334 

2.861594 

2.861654 

2.861 714 

2. 86l  773 

60 

728 

2.8621  31 

2.862191 

2.86225  I 

2.862310 

2.862370 

60 

729 

2.862727 

2.862787 

2.862847 

2.862906 

2.862966 

60 

73° 

2.863323 

2.863382 

2.863442 

2. 8635OI 

2.863561 

59 

73' 

2.863917 

2.863977 

2.864036 

2.864096 

2.864155 

59 

732 

2.8645  I I 

2.864570 

2.86463O 

2. 864689 

2.864748 

59 

733 

2 865IO4 

2.865163 

2.S>65222 

2.865282 

2.865341 

59 

734 

2.8(35696 

2.865755 

2.865814 

2 865873 

2.865933 

59 

735 

2.866287 

2.866346 

2.8664O5 

2.866465 

2.866524 

59 

736 

2.866878 

2.866937 

2.S66996 

2,867055 

2.867I  I4 

59 

737 

2.867467 

2.867526 

2.867585 

2. 867644 

2.867703 

59 

738 

2.868056 

2.868 1 1 5 

2.868n4 

2.868233 

2.868292 

59 

739 

2.868644 

2.868703 

2.868762 

2.868821 

2.868879 

59 

740 

2.869232 

2.869290 

2.869349 

2. 869408 

2.869466 

59 

74' 

2.869818 

2.869877 

2.869935 

2.86qqq4 

2.87OO53 

59 

74  2 

2.8704O4 

2.870462 

2.870521 

2.870579 

2.870638 

58 

743 

2.87C989 

2.871047 

2. 871106 

2.871164 

2.871223 

58 

744 

2.871573 

z. 871631 

2.871690 

2.871748 

2.87I  806 

58 
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( 425  ) 

N° 

5 

6 

7 

8 

9 |Dif 

702 

2.846046 

2.846708 

2.846770 

2.846S32 

2.84l8q; 

t)2 

703 

2.847264 

2.847326 

2.84738s 

2.847449 

2.847511 

62 

704 

2.84788 1 

2.847943 

2.848004 

2.848066 

2.848 1 27 

62 

705 

2.848497 

2.848559 

2.848620 

2.848682 

2.848743 

t2 

706 

2.8491  1 2 

2.849174 

2.849235 

2.849296 

2.8^9358 

6l 

707 

2.849726 

2.849780 

2.849849 

2.84991 1 

2.849972 

6l 

70s 

2.850340 

2.850401 

2. 85O462 

2*8  50524 

2.850585 

6l 

709 

2.850952 

2.851014 

2.851075 

2.851 136 

2.851 197 

6l 

710 

2.851564 

2.851625 

2.851686 

2.851747 

2.851808 

6 1 

7 * * 

2.852175 

2.852236 

2.852297 

2.852358 

2.852419 

61 

712 

2.852785 

2.852846 

2.852907 

2.852968 

2.853029 

61 

7*3 

2.853394 

2.853455 

2.853516 

2.853576 

2.853637 

61 

7 1 4 

2.854002 

2. 854063 

2.854124 

2.8541  #4 

2.854245 

61 

7*5 

2.854610 

2.85467O 

2.85473* 

2.854792 

2.854852 

Ci 

716 

2.855216 

2.855277 

2-855337 

2.855398 

2.855459 

61 

7*7 

2.855822 

2.855882 

2.855943 

2.856003 

2.856064 

60 

7.8 

2.856427 

2.856487 

2.856548 

2.856638 

2.836668 

60 

7*9 

2.857031 

2.857091 

*•857  * 5 * 

2.85721  2 

2.857272 

66 

720 

2.857634 

2.857694 

2.857754 

2.857815 

2.857875 

60 

721 

2.858236 

2.858296 

2.858357 

2.858417 

2.S58477 

6q 

722 

2.858838 

2.858898 

2.858958 

2.859018 

2.839078 

Co 

723 

2.859438 

2.859498 

2.859559 

2.859619 

2.859679 

60 

724 

2.860038 

2.86CO98 

2.860158 

2.86021 8 

2.860278 

60 

723 

2.860637 

2.860697 

2.860757 

2.860817 

2.860877 

60 

726 

2.861236 

2.861295 

2.861355 

2.86141  5 

2,86147  5 

60 

727 

2.861833 

2.861893 

2.861952 

2.862012 

2.862072 

6d 

728 

2.862430 

2.862489 

2.862549 

2.862608 

2.862668 

60 

729 

2.861021; 

2 .863085 

2.863 144 

2.863204 

2.863263 

60 

730 

2.863620 

2.863680 

2.863739 

2.864798 

2.863858 

59 

731 

2.864214 

2.864274 

2.864333 

2.864392 

2,864452 

59 

732 

2.864808 

2.864867 

2. 864926 

2.864985 

2 865045 

59 

733 

2.865400 

2.865459 

2.865518 

2.865578 

2.865637 

59 

734 

2.865992 

2.86605  I 

2.866]  10 

2 866169 

2.866228 

59 

735 

2.866583 

2.866642 

2.8667OI 

2.866760 

2.866819 

59 

736 

2.867173 

2.867232 

2.867261 

2.867350 

2.867409 

59 

737 

2.867762 

2.86782I 

2.867890 

2.867939 

2.867997 

59 

73» 

2.868350 

2.8684O9 

2.868488 

2.868527 

2.868586 

59 

739 

2.868938 

2.868997 

2.869056 

2.8691 14 

2.869173 

59 

740 

2.8691:21 

2.869584 

2.869642 

2.869701 

2.869760 

59 

74* 

2.870111 

2.870170 

2.870228 

2.870287 

2.870345 

59 

742 

2.870696 

2.870755 

2.870813 

2.870872 

2.870930 

58 

743 

2.871281 

2.871339 

2.871398 

2.871456 

2.871515 

58 

744 

2.87 1 865  ( 

2.871923 

2.87I98I 

2.872040 

2.872098 

58 
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7+5  2- 

746  2. 

747  2- 

748  2. 

749  *• 

750  2- 

75'  2- 

752  2. 

753  2- 

754  2. 


755  2. 

756  2. 

757  2. 

758  2. 

759  2. 

760  2. 

761  2 

762  2. 

763  2. 

764  *• 

765  2. 


766  2. 

767  2. 

768  z. 

769  2. 

770  2. 


,872156 

8/2739 

873321 

873902 

8744^2 

875061 

875640 

876218 

876795 

87737' 


877947 

878522 

879096 

879669 

880242 

880814 

881385 

881955 

882524 

833093 

883661 


884229 

884795 

885361 

885926 

886491 

887054 

887617 

888179 

888741 

889302 

889862 


2.872797 

2-873379 


2.872273 
2.872855 
2.S73437 
2 874018 
2.874598 

2-^75 '79 
2.875756 
2.876333 
2.876910 
2.877486 


2.875062 
2.878637 
2.87921 1 
2.879784 
2.880356 
2.880928 
2.881499 
2-882069 
2.882638 
2.883207 
2.883775 


2.87233 1 
2.87291  3 
2-873495 
2.874076 
2.874656 
2.875235 
2-875813 
2.876391 
2.876968 
2.877544 


2.8781 19 


2.872389 

2.872972 

2-873553 

2.87413  + 
2.874714 
2.875293 
2.875871 
2.876449 
2.877026 
2.877602 


2. 884285 
2.884852 
2.885418 
2.885983 
2.886547 
2.8871 1 1 
2.887673 
2.888236 
2.888797 
2.889358 
2. 8899I8 


2.89O+77 

2.89IO35 

2.89I593 

2.892I5O 

2.892707 

2.893262 

2.893817 

2-89437I 

2.894925 

2.895478 

2.896030 


2.89I649I  2.89I7O5 
2.892206 
2.892762 
2.893318 
2.893673 
2.894427 
2.894980 
2.895533 
2. 896085 


from  1 to  10000. 
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NQ 

5 

6 

7 

8 

9 

Dif 

745 

2.872448 

2.872506 

2.872504 

2.872622 

2.8-2681 

746 

2.873030 

2.87308  8 

2.87  3146 

2.873204 

2.873262 

5* 

747 

2.87361 1 

2.873669 

2 873727 

2.873785 

2.873843 

>8 

748 

2.874192 

2.874250 

2.874308 

2.874366 

2.874424 

58 

749 

2.874772 

2.874830 

2.874887 

2.874945 

2.875003 

S8 

750 

2.875351 

2.875409 

2.875466 

2.875524 

2.875582 

S8 

75' 

2.875929 

2.875987 

2.8-6044 

2.876102 

2,876160 

S8 

752 

2.876506 

2 876564 

2.876622 

2.876680 

2.876737 

58 

753 

2.877083 

2.877141 

2.877198 

2.877256 

2.877314 

S« 

754 

2.877659 

2.877717 

2.877774 

2.877832 

2.877889 

5« 

755 

2.878234 

2.878292 

2.878349 

2.878407 

2.878404 

57 

756 

2.878809 

2.878866 

2.878924 

2.878981 

2.879038 

57 

757 

2.879383 

2.87944° 

2.879497 

2.879555 

2.879.61 2 

57 

758 

2.879956 

2.88001 3 

2.880070 

2.8801 27 

2.880185 

57 

759 

2.880528 

2.880585 

2.880642 

2.880699 

2.880756 

57 

7DO 

2.881099 

2.881 156 

2.881213 

2.881270 

2.881 328 

57 

76l 

2.881670 

2.881  727 

2881784 

2.881841 

2.881898 

57 

762 

2.882240 

2.882297 

2.882354 

2.88241 1 

2.882468 

57 

763 

2.882809 

2.882866 

2.882923 

2.882980 

2.883036 

57 

764 

2.883377 

2.883434 

2.883491 

2.883548 

2.883605 

57 

765 

2.883945 

2,884002 

2.884059 

2.8841 15 

2.884172 

57 

766 

2.8845  1 2 

2,884569 

2.884625 

2.884682 

2.884739 

57 

767 

2.885078 

2.885135 

2 885191 

2. 885248 

2.885305 

57 

768 

2.885644 

2.885700 

2.885757 

2.885813 

2.885870 

57 

769 

2.886209 

2.886265 

2.886321 

2.886378 

2.886434 

56 

770 

2.886773 

2.886829 

2.886885 

2.886942 

2.886998 

56 

7 7 1 

2.887336 

2.887392 

2.887448 

2.887505 

2.887561 

56 

77i 

2.887898 

2.887955 

2.88801 1 

2.888068 

2.888123 

56 

773 

2.888460 

2.888516 

2.888573 

2.888629 

2 888685 

56 

774 

2.889021 

2.889077 

2.8891 34 

2.889190 

2.889246 

56 

775 

2.889582 

2.889638 

2.889694 

2.889750 

2.889806 

56 

776 

2.890141 

2.890197 

2.890253 

2890309 

2.890365 

56 

777 

2.890700 

2.890756 

2.89081 2 

2.890868 

2.890924 

56 

778 

2.891259 

2.891314 

2.891370 

2.891426 

2.891 482 

56 

779 

2.891816 

2.891872 

2.891927 

2.891983 

2.892039 

56 

780 

2.892373 

2,892428 

2.892484 

2.892540 

2 892595 

56 

781 

2.892929 

2 892985 

2.893040 

2.893096 

2.893151 

56 

782 

2.893484 

2.893540 

2.893595 

2.893651 

2 893706 

56 

783 

2.894039 

2.894094 

2.8941 50 

2.894205 

2.894261 

55 

784 

2.894593 

2.894648 

2.894704 

2.894759 

2.894814 

55 

785 

2.895  *46 

2.895201 

2.895257 

2.895312 

2.895367 

55 

•786 

2.895699 

2.895754 

2.895809 

2.895864 

2.895919 

55 

787 

2.896231 

2.896306 

2.896361 

2.896416 

2.896471 

55 
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2 

o 

o 

1 

2 

3 

4 

Dif 

78S  2 8965 26 

2 89.581 

2.896636 

2. 89669I 

2 896747 

S5 

789  2.897077 

2.8971 32 

2.897187 

2.897242 

2. 897297 

55 

700  2^7627 

2 897682 

2 897737 

2.897792 

2.897847 

55 

79 1 

2.898176 

2.898231 

2.898286 

2.89834I 

2.8gS3q6 

55 

792 

2 898725 

2.898780 

2.898835 

2.89889O 

2.898944 

55 

793 

2.S99273 

2.899328 

2.899383 

2.899437 

2.8gg4g2 

55 

1 7Q±  2.899820 

2.899875 

2.899930 

z.8ggg8<; 

2.9OOO39 

55 

795 

2.900367 

2.890422 

2.900476 

2.900531 

2.900586 

55 

796 

2.900913 

2.990968 

2.901022 

2.901077 

2.9OI  I3I 

55 

797 

2.901458 

2-99 1 5 T 3 

2.901  567 

2.901622 

2^01676 

54 

798 

2.902005 

2.Q020  57 

2.9O2I  12 

2.902166 

2.902220 

54 

799 

2.902547 

2.902601 

z. 902655 

2.902710 

2.902764 

54 

800 

2.903090 

2-9°3,44 

2.903198 

2,9°3253 

2.903307 

54 

801 

2.903632 

2.903687 

2.903741 

2.903795 

2.903849 

54 

802 

2.904174 

2.904228 

2. 904283 

2.904337 

2 904391 

54 

803 

2.9047 1 5 

z.904770 

2.9O4824 

2.904878 

2.904932 

54 

804 

2.905256 

2.905310 

2.9O5364 

2.90541S 

2.905472 

54 

801; 

2.905796 

2.905850 

2.905904 

2.905958 

2.90601 2 

54 

806 

2.906335 

2.906389 

2.906443 

2.906497 

2.906550 

54 

807 

2.906873 

2.906927 

2.906981 

2.907035 

2.go7o8g 

54 

808 

2 9074I I 

2.907465 

2.907519 

2.907573 

2.907626 

54 

809 

2.907948 

2.908002 

2. 908056 

2.908109 

2.908163 

54 

810 

2.908485 

2.908539 

2.908592 

2.908646 

z.go86gg 

5+ 

8;  1 

2.90902 1 

2.909074 

2.9O9I28 

2909181 

2.909235 

53 

8(2 

2.909556 

2.909609 

2.909663 

2.909716 

2.909770 

53 

811 

2.910090 

2.910144 

2.9IOI97 

2.9I025  I 

2.91  0304 

53 

814 

2^910624 

2 910678 

2-910731 

2.910784 

2.910838 

53 

®'5 

2.9m  58 

2.9I  121  I 

2.9I  1264 

2.91 1 317 

2.91 1371 

53 

816 

2.91 1690 

2-9,I743 

2.9H797 

2.91 1850 

2 gi I903 

53 

8,7 

2.912222 

2.9I  2275 

2.912328 

2.912381 

2.912435 

53 

818 

2.912753 

2.91 2806 

2.912859 

2.912912 

2.912966 

53 

819 

2.91 3284 

2.913337 

2.91  3390 

2.913443 

2.913496 

53 

820 

2.913814 

2.91 3867 

2.9!  3920 

2.913973 

2.914026 

53 

821 

z-9 1 4343 

2.914396 

2*9 1 4449 

2.914502 

2-9' 455  5 

53 

822 

2.914872 

2 914925 

2.914977 

2.915030 

2.91 5083 

53 

823 

2.9I  54CO 

2.915453 

2.915505 

2*9*  555® 

2.91561 1 

53 

824 

2.915927 

2.915980 

2. g 16033 

2.916085 

2.916138 

53 

823 

2.916454 

2. 916507 

2.916559 

2.916612 

2.916664 

53 

826 

2.916980 

2.917033 

2.  g 17085 

2-9 1 7 1 38 

2.gi7igo 

53 

827 

2 9'7 505 

2*9 1 75  5® 

2.917610 

2.917663 

2.917715 

52 

828 

2.918030 

2.91 8083 

2.918135 

2.918188 

2.918240 

52 

829 

2-9*  ®55  5 

2.918607 

2.918654 

2.918712 

2 918765 

52-; 

830 

2.919078 

2.919130 

2.919183 

2.919236 

z. 919287 

Is' 

from  1 to  10000. 
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) 

NQ 

5 

6 

mm 

8 

9 

Dif 

788 

2.896802 

2.896857 

2.896912 

Z. 89G9O7 

2.897022 

55 

789 

2.897352 

2.897407 

2.897462 

2.897517 

2.897572 

55 

790 

2.897902 

2.897957 

2.89801 2 

2.898067 

2.8981 22 

55 

79* 

2.8t)84<;  1 

2.898506 

2.898561 

2.898615 

2.898670 

5 5 

792 

2.8cj8qqq 

2.899054 

2.899109 

2.899164 

2.8992 18 

55 

793 

2.899547 

2.899602 

2.899656 

2.89971 1 

2.899766 

55 

794 

2.9OOO94 

2.9001  49 

2.900205 

2.900258 

2.9003 1 2 

55 

795 

2 900640 

2 900695 

2.900749 

2.900804 

2.900858 

55 

796 

2.901 186 

2.9OI24O 

2.901 

2.901349 

2 901404 

55 

797 

2.90173  1 

2.901785 

2 901 840 

2.901894 

z 901948 

54 

798 

2.902275 

2.g02!}2g 

2.902384 

2.902438 

2.902492 

54 

799 

2.90281  8 

2.902873 

2.902927 

2.902981 

2.90303?) 

54 

*00 

2.903524 

2.903578 

54 

801 

2.904066 

2 904I2O 

54 

g°* 

2.904445 

2.904499 

2.904553 

2.904607 

2.904661 

54 

2.904986 

2.905040 

2.905148 

2.905202 

54 

8 04 

2.905526 

2.905580 

2.905634 

2.905688 

2.905742 

54 

805 

2.906065 

2.9061 10 

2.906173 

2.906227 

2.906281 

5+ 

806 

2.906604 

2.906712 

2.906766 

2.906820 

54 

807 

2.907142 

2.907196 

2.907250 

2.907304 

2.907358 

54 

808 

2.907680 

2.907734 

2.907787 

2.907841 

2.907895 

54 

809 

2.908217 

2.908270 

2.908324 

2.908378. 

2.90843  I 

54 

810 

2 9087^ 

2.908807 

2 908860 

2.908914 

2.908967 

54 

8l  1 

2.909288 

2.909342 

2.909395 

2.909449 

2.909502 

54 

8l  2 

2.909823 

2.909877 

2909930 

2.909984 

2 9IOO37 

53 

813 

2.910358 

2.9104 1 1 

2.910464 

2.910518 

2.9IO57I 

53 

814 

2.910891 

2.910944 

2.910998 

2.91 105 1 

2.9I  1 IO4 

53 

8|  5 

2-91  *424 

2.9H477 

2.91 1530 

2.911584 

2.911637 

53 

816 

2.912009 

2.912063 

2.9121 16 

2.91  2169 

S3 

817 

2.912488 

2.912541 

2.912594 

2.91 2647 

2.91  2700 

53 

818 

2.9 1 3019 

2.91  3072 

2.913!  25 

2.913178 

2.9I  3241 

S3 

619 

2.913549 

2.91 3602 

2.913655 

2.91 3708 

2.913761 

S3 

8 20 

2.9 1 4°79 

2.914131 

2.914184 

2.914237 

2.914290 

53 

821 

2.914608 

a. 9 14660 

2.914713 

2.914706 

2.914819 

S3 

822 

2.915136 

2.9151 89 

2.915241 

2.915294 

2-9 1 5347 

53 

823 

2.915664 

2.915716 

2.915769 

2.915822 

2.915874 

S3 

824 

2.916191 

2 916243 

2 916296 

2.916349 

2.916401 

S3 

825 

2.91671 7 

2.916770 

2.916822 

2.916875 

2 916927 

53 

826 

2.917243 

2.917295 

2-9‘  7348 

2.917400 

2.917453 

53 

827 

2.917768 

2.917820 

2.917873 

2.917925 

2.917978 

52 

828 

2.918292 

2.918345 

2.918397 

2.918450 

2.918502 

S2 

829 

2.918816 

2.918869 

2.9I892I 

2.918973 

2.919026 

S2 

830 

2.919340 

2.919392 



2.919444 

2.919496 

2.919549 

S2 
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831  2919601 

832  2.920123 

833  2.920645 

834  2.921160 

835  2.921686 

836  2.922206 

837  2.922725 

838  2.923244 

839  2.923762 

840  2.924279 


841  2.924796 

842  2.925312 

843  2.925828 

844  2.926342 

845  2.926857 


852  2. 

853  2, 

854  2. 

855  2. 

856  2. 

857  2. 

858  2, 

859  2. 

860  2. 

861  2. 

862  2. 


930440 

930949 

931458 

931966 

93*474 

932981 

933487 

933993 

93449* 

935003 

93?  ?<>7 


863 

864 

865I  2.937016 
866 

867 

868 

869  2.939020 

870  2.939519 

871  2.940018 

872 


873  2.941014 


2.919653 

2.920175 

2.920697 

2.921218 

2.921738 

2.922258 

2.922777 

2.923296 

2.923814 

2.924331 


2.92484S 

2.925364 

2.925879 

2.926394 

2.92^908 

2.927422 

2.927935 

2.928447 

2.928959 

2.929470 

2.929981 


2.930491 
2.93 1000 
2.931509 
2.932017 
2.932524 
2 933031 
2.933538 
2.934044 
2.934549 
2.935054 
2.935558 


2.936061 

2.936564 

2937066 

2.937568 

2.938069 

2.938570 

2.939070 

2.939569 

2.940068 

2.940566 

2.941064 


2.919705 

2.920228 


2.921270 

2.921790 

2.922310 

2.922829 

2.923348 

2.923865 

2.924383 


2.924899 

2.925415 

2.925931 

2.926445 

2.926959 

2.927473 

2.927986 

2.928498 

2.929010 

2.929521 

2.930032 


2.930541 
2.931051 
2.931 560 


2.921 322 
2.921842 
2.922362 
2.922881 
2.923399 
2.923917 
2.924434 


2.924951 
2.925467 
2.925982 
2,926497 
2.92701 1 
2.927524 
2.928037 
2.928549 
2.929061 
2.929572 
2.930083 


2.930592 
2.931 102 
2.93 1610 


2.9361 1 1 
2.936614 
2.9371 16 
2.937618 
2.9381 19 
2.938620 
2.939120 
2.939619 
2.9401 18 
2.940616 
2.941114 


2 919810  22 
2.920332  52 
2.920853  52 
2.921374  52 

s* 

2.922414  52 
2.922933  52 
2.923451  52 
S* 

2.924486I  52 


2.936162 
2.936664 
2.937167 
2.937668 
2.938169 
2.938670 
2.939170 
2.939669 
2.940168 
2.940666 
2.941 163 


2.930643 

2.931153 

2.931661 

2.932169 

2.932677 

2.933183 

2.93369° 

2 934*95 
2.934700 
*.935205 
*.935709 


from  i to  ioooo.  (431  ) 


5 

6 

7 

s 

9 

Dif 

Sjl 

2.9I9'>62 

2 -9 '99  M 

2.919967 

2.920019 

2 920071 

s2 

»32 

2.920384 

2.920436 

2.920489 

2.920541 

2.920593 

52 

*33 

2.920906 

2.920958 

2.921010 

2.921062 

2.92I  1 14 

52 

*34 

2.921426 

2.921478 

2 92153O 

2.921 582 

2.921634 

s2 

833 

2.92 1 946 

2.92 1998 

2.922O5O 

2.92ZI02 

2 922154 

5 2 

83  6 

2.922466 

2.9225 18 

2922570 

2.922622 

2.922674 

52 

837 

2 922985 

2.923037 

2.923088 

2 923140 

2.923 192 

s2 

838 

2.923503 

z,92355  5 

2.923607 

2.923658 

2.9237*0 

52 

839 

2.92402  1 

2.924072 

2 924124 

2.924176 

2.924228 

S2 

840 

2.924538 

2.924589 

292464I 

2.924693 

2.924744 

52 

84. 

2.925054 

2.925106 

2.925157 

2 925209 

2.925  260 

s2 

842 

2.925570 

2 9:5621 

2.925673 

2.925724 

2.925776 

52 

843 

2,926085 

2.9261  37 

2.9261 88 

2.92O239 

2,926241 

52 

844 

2 926600 

2.92665  1 

2.926702 

2 926754 

2.926805 

5* 

845 

2-927l  '4 

2.927165 

2.927216 

2.927268 

2 9273'9 

S' 

846 

z.927627 

2.927678 

2.927730 

2.927781 

2.927832 

5* 

847 

2 928I4O 

2.928191 

2.928242 

2.928293 

2.928345 

S' 

848 

2. 928652 

2.928703 

2.928754 

2.928805 

2.928856 

5* 

839 

2.929163 

2.9292I  4 

2 929266 

2.929317 

2.929368 

5* 

850 

2.929674 

2.929725 

2.929776 

2 929827 

2.929878 

S' 

851 

2.930185 

2.930236 

2.930287 

2.930338 

2 930389 

5* 

852 

2.93.694. 

2-93*745 

2 930796 

2.930847 

2. 930898 

5* 

83.3 

2 Q 3 I 20 ^ 

2 93**54 

2.931305 

2.931356 

2-93'407 

S' 

854 

2 93 1 7 1 2 

2.931763 

2 931814 

2.93  1864 

2-93*9*5 

5* 

855 

2.932220 

2 932271 

2.932321 

2.932372 

2.932423 

S' 

856 

2 932727 

2.932778 

2.9328Z9 

2-932879, 

2.932930 

5* 

857 

* 933234 

2.933285 

2-933  335 

2.933386 

2 933437 

5* 

858 

2.93374° 

2.93379! 

2.933841 

2 933892 

2-933943 

5* 

859 

2.934246 

2.934256 

2-934347 

2-934397 

2-934448 

S' 

860 

2.9347  5 j 

2.934801 

2.934852 

2 934902 

2-934953 

5° 

861 

2.93S2;; 

2.935306 

2.935356 

2 9354°6 

2-935457 

5° 

862 

2-935759 

2.935809 

2.935860 

2.935910 

2. 93?y6o 

5° 

863 

2.936262 

2936313 

2.936363 

2.936413 

2.9364O3 

50 

864 

2.936765 

2.93681 5 

2.Q36865 

2.936916 

2.936966 

5° 

865 

2 937267 

2 9373*7 

2 937367 

2.937418 

2 937468 

50 

866 

2 937769 

2.937819 

2-937869 

2.937919 

2.937969 

5° 

867 

2.Q3826q 

2.938319 

2.938370 

2.9384ZO 

2.938470 

50 

868 

2.938770 

2.938820 

2.938870 

2.938920 

2 938970 

50 

869 

2-939270 

2.939319 

2.939369 

2-9394*9 

2.939469 

5° 

870 

2.959769 

2.939819 

2 939868 

2-9399*8 

2 939968 

So 

87. 

2.940267 

2.940317 

2.940367 

2.9404*7 

2 940467 

So 

872 

2.940765 

2.9408 1 5 

2 94:865 

2-9409'5 

2 940965 

5° 

873 

2.941263 

2.941313 

2.941362 

2.941412 

2.941462 

5° 

Digitized 
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N° 

O 

I 

2 

3 

8 /4 

2.94151 1 

2.941 561 

2.94161 1 

2.941660 

1 5 

2,942008 

2.942058 

2.942107 

2.942157 

87  b 

2.942504 

2.942554 

2.942604 

2.942653 

877 

2.943000 

2.943049 

2.943099 

2.943148 

878 

2 -943+94 

2-94354+ 

2.943593 

2.943643 

879 

2.943989 

2.944038 

2.944088 

2 944  37 

880 

2.944483 

2.944532 

2.944581 

2.944631 

881 

2.944976 

2.945025 

2.945074 

Z-94S'  24 

882 

2.945469 

2.945518 

2 9+5567 

2.945616 

883 

2.945961 

2.946010 

2946059 

2.946108 

884 

2.046432 

2.946501 

2.946550 

2.946600 

885 

2.946943 

2.946992 

2.9470+1 

2.947090 

886 

2>947434 

2.9+7483 

2.947532 

2.947581 

887 

2.947924 

2-947973 

2.948021 

2.948070 

888 

2.948413 

2,948462 

2.94851 1 

889 

2.948902 

2.948951 

2.948999 

2.949048 

890 

2 949390 

2.949439 

2.949488 

2.9+9536 

891 

2.949878 

2.949926 

2.949975 

2.9500Z4 

892 

2.950365 

2-95°4l  3 

2 950462 

2.9505 1 1 

893 

2.95085 1 

2.950900 

2.950949 

2.950997 

894 

2-95 1 337 

2.951386 

2-95  *435 

2.951483 

895 

2.951823 

2.971872 

2.95I92O 

2.951969 

896 

2 952308 

2.952356 

2.952405 

2.952453 

897 

2.952792 

2.952841 

2.952889 

2.952938 

Em 

2.953276 

2 953325 

2-953373 

2.953421 

2.953808 

2.953856 

2.953905 

900 

2.954242 

2.954291 

2-954339 

2.954387 

901 

2.95472S 

2-954773 

2.954821 

2.954869 

902 

2.955206 

2.955255 

2.955303 

2.955351 

903 

2.954688 

2.955736 

2.955784 

2.955832 

904 

2.956168 

2.956216 

2.956264 

2.956312 

903 

2.956649 

2.956697 

2.956745 

2.936792 

906 

2.957128 

2.957176 

2.957224 

2.957272 

907 

2.957607 

2.957655 

2.957703 

2-9577  5 1 

908 

2.958086 

2.958134 

2 958181 

2.958229 

9°  9 

2.958564 

2.958612 

2.958659 

2.958707 

910 

2.959041 

2.039089 

2.959137 

2.959184 

911 

2-9595'8 

2.959566 

2.959614 

2.959661 

912 

2.959995 

2.960042 

2.960090 

2.960138 

9*3 

2.96047 1 

2.960518 

2.960566 

2.96061 3 

914 

2.960946 

2.960994 

2.961041 

2.461089 

9*5 

2.961421 

2.961468 

2.961 5 16 

2.961 563 

916 

2.961895 

2.961943 

2.961990 

1 

2.962038 

4 

Dif 

2 94I7IO 

5° 

2.942206 

5° 

2.9427O2 

2.943198 

49 

2 943692 

49 

2.944186 

49 

2.944680 

49 

2.945173 

49 

2.945665 

49 

2.946157 

49 

2. 946649 

49 

2.947139 

49 

2,94763° 

49 

2.9481  19 

49 

2.948608 

49 

2.9+9097 

49 

2.949585 

49 

2-950073 

49 

2.950560 

49 

2.95IO46 

49 

2-95  >5  32 

49 

2.952017 

49 

2.952502 

48 

2.952986 

48 

2-95347° 

48 

2-953953 

48 

2-954435 

48 

2.954918 

48 

2.955399 

48 

2.955880 

+8 

z.956360 

48 

2.956840 

48 

2.957320 

48 

2-957799 

48 

2.958277 

+8 

2.958755 

+8 

2.959232 

48 

2.959709 

+8 

2.960185 

+8 

2.960661 

48 

2 961136 

47 

2 96161 1 

47 

2.962085 

47 

from  1 ro  10000 

( 43  3 

) 

N° 

5 

6 

7 

8 

1 9 

Dii 

874 

2.941760 

2.941809 

2.941859 

2.941909 

2. (,41953 

49 

87  5 

2.942236 

2942306 

2-9427  55 

2.942405 

2-9424j  ; 

4; 

876 

2942752 

2.942801 

2.942851 

2.942900 

2.942950 

49 

87- 

2.943247 

2.943297 

2 943346 

2.943396 

2-943445 

49 

878 

* 94374* 

2 94379* 

2.94384* 

2.943890 

2-943939 

49 

879 

2 944236 

2.944285 

2 944335 

*.944384 

2-944433 

49 

880 

2.944729 

2 944779 

2.944828 

*•944877 

2-9449*7 

49 

881 

2.943222 

2.945272 

2.94532* 

2.945370 

2.945419 

49 

882 

2-9457*5 

2.945764 

2-9458,3 

2.945862 

2.945911 

49 

cc 

oc 

2.946207 

2.940256 

2.940305 

2 94^)54 

2.946403 

49 

884 

2.940098 

2,946747 

2.946796 

2.946845 

2.946894 

49 

885 

2.947189 

2,947238 

2-947287 

2.947336 

2 947385 

49 

880 

2 947679 

2,947728 

2-947777 

2.947826 

2.947875 

49 

8 8 f 

2.948168 

2,948217 

2.948266 

2.9483*5 

2.948364 

49 

888 

2.948637 

2,948706 

2,94®755 

2.948804 

2.948853 

49 

889 

2.949146 

2,949195 

2.949244 

2.949292 

2.949341 

49 

890 

2.949633 

2,949683 

*•94973* 

2.949780 

2.949829 

49 

891 

2.95012  1 

2,950170 

2 950219 

2.950267 

2.930316 

49 

892 

2.950608 

2,9,-0657 

2.950705 

2.950754 

2.950803 

49 

893 

2>9i  *°95 

'2,95*143 

2.95*192 

295 12(0 

2.QC  I28q 

49 

894 

2.951 580 

2,951620 

2.951677 

2.951726 

2 95*774 

49 

895 

2.9520  j6 

*•95 2 * *4 

2.952163 

2 95221  1 

*.952259 

4K 

896 

2 * 9 > 2 5 50 

2.952399 

2.952647 

2.952696 

2.952744 

43 

897 

2.953034 

2.953083 

* 933*3* 

2.953*80 

2.953228 

43 

898 

2.953518 

2.953566 

*•9346*5 

2.953663 

2.9537*1 

48 

899 

2 954001 

2.954049 

2.9540,8 

2.954146 

2 954*94 

48 

900 

2954484 

2.954532 

2.954580 

2.954628 

*•354677 

4S 

901 

2.954966 

2.955014 

2.955062 

2 955  * 10 

2.953158 

48 

9C2 

2‘9J'5447 

z 955495 

2 955543 

2.955591 

2.955640 

4S 

903 

2.955928 

2.955976 

2.<^  6o2  | 

2,V 7*: 

2 r 

48 

904 

2 95*  409 

2.956457 

2.956505 

2-956553 

2.956601 

48 

9°5 

2.9,-6888 

2.936936 

2.956984 

2.957032 

2.9570.80 

4S 

906 

2-^S?  3^8 

2.957416 

2.957464 

2;5#Tf* 

*•957559 

48 

907 

2.9 -,784? 

z-9>7^94 

2.957942 

2.937,90 

2.958038 

48 

908 

2.958525 

2.9583^3 

2.958420 

2.958468 

2.9385*6 

43 

909 

2.958803 

2.958850 

2.g588q8 

2 958946 

2.95899+ 

48 

910 

2.939280 

2.959328 

2-9S937S 

2.959423 

2.959471 

48 

9'i 

2-959757 

2.959804 

2.959852 

2.959900 

2-959347 

48 

912 

2.960233 

2.9602S* 

2.960328 

2.960376 

2.96042  + 

48 

9*5 

2.Q607O  Q 

2.960756 

2.960804 

2.96085  * 

2.960899 

48 

914 

2.961 184 

2.961 23 1 

2.961279 

2.961326 

2.9613.74 

47 

9*5- 

2.961658 

2.961706 

2.96*753 

2.95*801 

2.961 848 

47 

916 

2.962132 

2.962 180 

2.962227 

2.962275 

2.962322 

47 

F f 
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from  1 to  10000 

• 

C 435  ) 

N° 

5 

6 

7 

8 

9 

Dif 

9 1 7 

2.962606 

2.962653 

2.902701 

2.96274s 

2.962795 

47 

918 

2.903079 

2.963126 

2.963174 

*•963221 

2.963268 

47 

919 

2 963552 

2.963599 

2.963646 

2.963693 

2.963741 

47 

920 

2.964024 

2.964071 

2.9641 18 

2.06416c 

2.9642 1 2 

47 

921 

2.964495 

2.964542 

2.964590 

2.964637 

2.964684 

47 

922 

2.964966 

2.965013 

2.565060 

2.965108 

2.965155 

47 

923 

2.965437 

2.965484 

2.965531 

00 

is 

IA 

vO 

<> 

N 

2.965625 

47 

92-, 

2.965907 

2.965954 

2.966001 

2.966048 

2.06600c 

17 

9*5 

2.966376 

* 966423 

2 966470 

2.966517 

2.966564 

47 

926 

2.966844 

2.966802 

2.9660  iq 

2.966586 

2.967033 

47 

9*7 

*•967314 

2 967361 

2.96740b 

2.967454 

2.067501 

47 

928 

*•967782 

2.967829 

1.967875 

2.967922 

2.967969 

47 

929 

2.968249 

2.968296 

2.968343 

2.968389 

2.068416 

47 

930 

2.968716 

2.968763 

2.968810 

2.968856 

2. 068002 

47 

93* 

2.969183 

2,969229 

2.969276 

2.969323 

2.969369 

47 

932 

2.969649 

2,969695 

2.969742 

2.969788 

*.969835 

47 

933 

*■970114 

2,970161 

2 970207 

2.970*54 

2.Q70300 

47 

934 

*.970579 

2,970626 

2.570672 

*-97°7'9 

*.970765 

47 

935 

*.971044 

*>971090 

2.971137 

2.971133 

2.971129 

46 

936 

*•971508 

*•971554 

*•97  1600 

2.971647 

* 97,591 

46 

017 

2.971971 

2,97201  8 

2.972064 

2.9721 10 

2.9721  c6 

4* 

938 

*•97*434 

2,972430 

*-97*j*7 

* 97*573 

2.972619 

46 

939 

2.972897 

2,972943 

*.972989 

*.973035 

2.973082 

46 

940 

2 973359 

2,973405 

*•97345' 

2.973497 

*•973543 

46 

94' 

*•973820 

*,973866 

*•9739*3 

*•973959 

2.9740J5 

46 

942 

*•974*81 

2.974327 

*•974173 

*.974420 

2.974466 

46 

943 

*•97474* 

2.974788 

2.974834 

2.974880 

2.974926 

46 

944 

2975202 

2.975248 

2 975294 

2.975340 

2.975386 

46 

945 

*•975661 

2.975707 

* 975753 

*•975799 

2.975845 

46 

946 

2-976121 

2.976166 

2.976212 

2.976258 

*.976304 

46 

947 

2.976579 

2.976625 

2.976671 

2.976717 

2.976762 

46 

948 

*•977077 

2.O77083 

*-977i*9 

*-977'75 

2.977220 

46 

949 

*•97749  5 

*•97754' 

2.977580 

2.977632 

2.977078 

4^ 

950 

*•97795* 

2.977998 

2.978043 

2.978089 

*.978135 

46 

95' 

2.978409 

2.978454 

2.978500 

1.978546 

2.97859. 

46 

952 

2.978865 

2.97891 1 

2.978956 

2.979002 

2.979047 

46 

953 

2-979321 

2.979366 

2.979412 

*•979457 

2.979503 

46 

954 

2 979776 

2.979821 

2.975867 

1.979912 

2.979958 

46 

955 

2.980231 

2.980276 

2.98032* 

2.980367 

2.98041 2 

45 

956 

2.980685 

2.980730 

2.980776 

2.980821 

2.980867 

4S 

957 

2.981139 

2.981 184 

2.981229 

2.981275 

2.981320 

45 

958 

2.981 592 

2.981637 

2.981683 

2.981728 

2.981773 

45 

959 

2.982045 

2.982060 

2.982135 

2.982181 

2.982226 
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8231b  2982362  2.982407  2.982452 
82769  2982814  2.982859  2.982904! 
.983220  2.983265  2.983310  2.983356 

2.QV  2807 


968  2.985875 

969  2.986324 


970  2.986772 

971  2.987219 

972  2,987666 

973  2.988113 

974  2.9sa559 

975  2.989005 

976  2989450 

977  2 989895 

978  2.990339 

979  2.990783 


2.993877 

*.9943*7 
2 994757 


2.986816 
2. 987264 
2.9877II 
2.988  157 
2.988603 
2.989049 
2 989494 
2.989939 
2.990383 
2.990827 
2.99I  270 


2.99I7I3 
2 992156 
2.992598 
2.993O39 
2.593480 
2 993921 
2.994361 
2.994801 
2.595240 
2.995679 
2.9961  17 


2.996555 
2.996993 
2.99743O 
2.997867 
2.998303 
2.998739 
2.999I74 
2 999609 


2.991757 
2.992  200 
2.992642 
2.993083 
2 993524 
2.993965 
2.994405 
2.994845 
2.995284 
2.995723 
2.996151 


2.996599 

2.997037 

2.997474 

2.997910 

2.998346 

2.998782 

2.999218 

2.999652 


2.991802 
2.992244 
2.992686 
2.993127 
a 993568 
2.994009 
2 994449 
2 994889 
2.995328 
2.995767 
2 996205 


2.996643 

2,997080 

2.9975I7 

2 997954 
2.998390 
2.998826 
2.999261 
2 999696 


Digi 


Gi 


from  1 

to  IOOOO. 

( 437  ) 

5 

6 

7 

8 

9 

Dif 

960 

2.982497 

2.982543 

2.982588 

2.982633 

2.98267s 

45 

961 

2.982949 

2.982994 

2,983040 

2.98308^ 

2.98313c 

45 

962 

2.983401 

2.983446 

2 98349* 

2.983536 

2.983581 

45 

963 

2.983852 

2.9838*7 

2.983942 

*.983987 

2.984032 

45 

964 

2 984302 

*-9s4347 

2 984392 

*•9^4437 

Z. 584482- 

45 

96; 

2.984752 

2.984797 

2.984842 

2.984887 

2.984952 

4? 

966 

2.985202 

2.985247 

2.985292 

i 085337 

2.98.7381 

45 

96; 

2.985651 

2 985696 

2 98574I 

2.983786 

2.983830 

45 

968 

2.986100 

2 9861 44 

2.986189 

2.986234 

2 q8i.279 

45 

969 

2.986548 

2.986593 

2.986637 

2.986682 

: <7  -4  7 a 7 

45 

970 

2.986994 

2.987040 

2.987085 

2.987130 

2.987.74 

45 

97' 

2.987443 

2.987487 

2.987532 

*987577 

2.987622 

45 

97* 

2.987890 

*.987934 

2 987979 

2.988024 

2 988068 

45 

973 

2.988336 

2.983381 

2.988425 

2 988470 

2988514 

45 

974 

2.988782 

2.988826 

2.98887I 

2.98891 5 

2.988960 

45 

975 

2.989227 

2.989272 

2.9893  l6 

2 989361 

2.989,05 

45 

976 

2.989672 

2.989717 

2.989761 

2.989S06 

2.989850 

44 

977 

2.9901 17 

2.990161 

2 990206 

2.990250 

2.990294 

44 

978 

2.990561 

2.990605 

2.990650 

2.990694 

2. 990738 

44 

979 

2.991004 

2.991049 

2 991093 

2 99 1137 

2.991  182 

44 

980 

2.9914*8 

2,991492 

2.991536 

2.991 580 

2.991623 

44 

9K1 

2.991890 

2,991934 

2991979 

2.992023 

2.992007 

44 

982 

2 99*333 

2.992377 

2 992421 

* 99*4&5 

2.99*509 

44 

983 

*•59*774 

2.992818 

2.992864 

2.99*907 

2.99295I 

44 

984 

2.993216 

2.993260 

2.9933O4 

* 993348 

2.993392 

44 

98; 

2.993657 

2.993701 

2 993745 

2.993789 

*•993*33 

44 

986 

2.994097 

2.994141 

*.5194185 

2.994*29 

2.994273 

44 

987 

2 994537 

2.99458' 

*.9946*5 

2.994669 

*•9947*3 

44 

988 

*•994977 

2.995021 

2.995064 

2.995108 

2 995152 

4+ 

989 

z.9954'6 

2.995460 

2.995504 

* 995547 

2.995591 

44 

990 

2.995854 

2.995898 

2.995942 

2.995985 

2.996030 

44 

991 

2.996293 

2.996336 

2.996380 

2.996424 

2.996468 

44 

99* 

2-99^73° 

*.996774 

2.996818 

2.996862 

2.996905 

44 

993 

2.997168 

2.997212 

2.997255 

* 997*99 

*•997343 

44 

994 

2.997605 

2,997648 

z. 997692 

2.997736 

2.997779 

44 

995 

2.998041 

2.998083 

2.998128 

2.998172 

2 998216 

44 

996 

2.998477 

2T9985ZI 

2.998564 

2.998608 

2.998632 

44 

997 

2.998913 

2.998956 

2.999000 

2.999043 

2.999087 

44 

998 

2.999348 

2.99939* 

*.999435 

* 999478 

2.999522 

44 

999 

*.999783 

2.9998*6 

2.999870 

2.999913 

* 999957 

43 
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Minutes 


/ Tangents  and  Secants. 

( 439  ) 

o Degrees. 

2 

5* 

e 

r-r 

Sine 

Tangent 

Secant 

• 

J° 

7 940842 

9.999984 

7.940858 

12.05914* 

10-000016 

12.059158 

3° 

31 

7.955082 

9.999982 

7.95510° 

12  044900 

10.000018 

12.044918 

29 

32 

7.9688709.999981 

7.968889 

12.031 1 1 1 

10.000019 

12.031 130 

28 

33 

7.98**331^.999980 

7.982253 

12.017747 

10.000020 

12.017767 

*7 

34 

7.99S'98 

9-999979 

7 • 99  5 2 1 9 

12.004781 

1 0.00002 1 

12  004802 

26 

35 

8.007787 

9-999977 

8.007809 

11.992191 

1 0.000023 

1 1.992213 

2S 

36 

8.020021 

9.999976 

8.020045 

”•979955 

10.000024. 

11.979979 

*4 

37 

8.031919 

9-999975 

8.031945 

1 1-968055 

0 

b 

0 

0 

0 

K» 

-0 

1 1.968081 

23 

38 

8.0435019.999974 

8.043527 

1 1. 956473 

10.000026 

m-956499 

22 

39 

8.05478119.999972 

8.054809 

1 1.945191 

10.000028 

11  945219 

21 

4° 

3.065776I9.999971 

8.065806 

M.934.94 

10.000029 

11.934224 

JO 

4' 

8.O765OO 

9.999969 

8.076531 

11.923469 

10.00003 1 

11,91350c 

'9 

42 

5. o86g65,9. 999968 

3.086997 

1 1.91  3OO3 

10.000032 

11.913035 

18 

43 

8.097  i83|9  9999(6 

8.097217 

1 1.902783 

*- 

ro 

0 

0 

0 

0 

6 

1 1.902817 

*7 

44 

8.10716719.999964 

8.107202 

1 1.892798 

10.000036 

1 1 .892833 

It 

43 

8.1  1 69269. 9999b 3 

8.1 16963 

1 1 .8x3037 

10.000037 

1 1.883074 

U 

46 

8. 126471I9. 999961 

8.126;  10 

1 1.873490 

10  COOO39 

11.873529 

*4 

47 

3. 1 358109.999959 

3.13585! 

1 1.864149 

10.00004  1 

1 1.864190 

*3 

48 

8-H4953  9-999958 

8.144996 

1 1.855001 

10  000042 

11.855047 

12 

49 

8.!  53908 

9.999956 

8.153952 

i r. 846048 

10.CC0044 

1 1.846092 

1 1 

5° 

8.162681 

9.999954 

8 1 62727 

11  837273 

1 0.OOC046 

1 *-8373,9 

10 

5 * 

8.171280 

9.999952 

8.171328 

11.828(72 

10.000048 

1 1 .828720 

9 

>2 

8.179713 

9.999950 

8.179753 

1 1 820237 

10.000050 

1 1.820287 

8 

53 

8.187985 

V 999948  8.  i'23o36 

ri.81 1964 

10.000052 

11.812015 

7 

>4 

8.19-  102 

9.999946 

8. 1961  *6 

1 1 .803844 

10.000054 

1 1 .803898 

6 

55 

8.2O4O7O 

9-999944 

8.2041 26 

11.794874 

10.000056 

11.79593c 

5 

>6 

8 211895 

9.999942 

8.2.1953 

1 1.788047 

10. 000*58 

1 1,788 105 

4 

37 

8.219581 

9 99994° 

8.219641 

11.780359 

lo.c  00060 

11.780419 

? 

>8 

8.227134 

9-99993' 

8.227195 

11.772805 

1 0 00006  2 

11.772866 

2 

59 

8.234557 

9 999936 

3,234621 

1 -.765379 

10.000064 

11.765443 

1 

60 

8.241855 

9-Q09934 

8.241922 

11.758078 

10.000066 

11.758145 

0 

Sine 

Tangent 

• - 

Secant 

Minutes  1 

89  Degrees. 
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[ 440  ) A Table  of  Artificial  Sines 

9 

I 

Degree. 

s 

5 

1 

Sine 

Tangent 

Secant 

o 

8.241855 

9-999934 

8.241921 

1 1 .758079 

10.000066 

11.758145 

60 

I 

8.249033 

9.999932 

8.249102 

1 1.750898 

10.000068 

1 1.750967 

59 

2 

8.256094 

9.999929 

8.256165 

11-743835 

IO.OOOO7I 

11.743906 

S8 

3 

8.263042 

9 999927  8.263115 

1 1.730885 

r-v 

0 

0 

0 

0 

6 

11.736958 

57 

4 

8.269881 

9.99992518.266956 

u.730044 

10.000075 

I 1 .7301 I9 

5* 

5 

8.276614 

9.99992218.276601 

n.723309 

10  000078 

1 1.723386 

55 

6 

8.2H3243 

9.9999208.283323 

11.716677 

10.000080 

11.716757 

54 

7 

8.289773 

9.99991718.280856 

1 1. 710144 

10.000082 

I 1.710227 

53 

8 

8.296207 

9.999915  8.206202 

1 1.705708 

10.000085 

u-7°3793 

9 

8.302546 

9 9999'2!8.302633 

11.697367 

10.0c  0087 

11.697454 

5' 

10 

8.308794 

9.9999!° 

3.308884 

1 1.691 1 *6 

10.000090 

1 1.691 206 

5° 

1 1 

8.314954 

9.99990718.315045 

1 1.684954 

***> 

0 

0 

0 

0 

0 

6 

1 1.685046 

49 

12 

8.321027 

9.9999c; 

8.32I  122 

1 1 .678878 

10.000095 

n. 678973 

48 

'3 

8.327016 

9.999902 

8.3271 14 

1 r. 672886 

10.000098 

1 1.672984 

47 

'4 

8. 332924 

9.99989918.333025 

1 1.666975 

10  000001 

1 1.667076 

46 

>5 

8.338753 

9-999897 

8.338856 

1 1.661 144 

10.000103 

1 1.661247 

45 

1 6 

8.344504 

9.999894 

8.344610 

M.655389 

lO.OOOIOt) 

u. 655496 

4-1 

'7 

8.3501 8c 

9.999891 

8.350280 

11.649710 

10.000109 

11.649919 

43 

1 8 

8-3SS783 

9.999888 

8-355895 

1 1. 644105 

1 0.0001  1 2 

1 1 644216 

'9 

8.361315 

9.999885 

8.361430 

1 1 .638570 

10.0001 1 5 

1 1.638685 

4| 

20 

8 366777 

9.999882 

8,366894 

1 1.633105 

10.0001 18 

11.633223 

4° 

21 

8 372171 

9.999879 

8.372291 

1 1.627708 

10.00012 1 

11.627829 

39 

22 

8-377499 

9.999876 

8.377622 

1 1.622378 

3 

b 

0 

0 

Si 

-f* 

1 1.622501 

3« 

z3 

8.382762 

9 999873 

8.382889 

1 1.6171 1 1 

10.000127 

1 1 .617238 

37 

24 

8.387962 

9.999870 

8.388092 

11.61 1908 

10.000130 

1 1.612038 

36 

z5 

8.393101 

9.999867 

8.393234 

11. 606766 

10.0001 3J 

1 1.606899 

35 

26 

8.398179 

9.999864 

8 398315 

1 1.601685 

10  000136 

1 1.601821 

34 

z7 

8.403199 

9.999861 

8.403338 

1 1.596662 

I0.0C013Q 

1 1 5Q6801 

33 

28 

8 408161 

9.999858 

8.408304 

1 1 .591696 

10.000142 

n. 591839 

32 

29 

8.413068 

9.999854 

8.413213 

1 1.586787 

10.000146 

M. 586932 

3' 

30 

8 417919 

9.999851 

8.418068 

11.581932 

10.000149 

1 1.582081 

30 

Sin 

Tangent 

Secant 

Minutes  t 

88  Pegrees.  | 
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Tangents  and  Secants. 


( 44*  ) 


i Degree. 


Secant 

1 0.000 1 49 
10.0001  52 
10.0001  56 
10.0001 59 
10.000162 

1 1.582081 
■ 1.577283 

"•57*538 

‘1,567844 
I 1.563200 

10. 000 1661 1.558606 
10.000169 1 1.554059 
10.000173(1 1.549560 
10.000177(1 1. 545107 
io.oooiSoji  1.540699 

jio.oooi  84 
[10.000188 
10.000191 
10.000195 
10.000199 

"•536335 

1 1 *53201 5 

' '•527737 
1 1.523502 
11. 519307 

10.000203 
jio. 000207 

1 1 0.0002  1C 
10  000214 

•1 0.000  2 ifc 

1 1-515 1 S2 

11.51 1037 
1 1 . 506960 
1 1 .502922 
1 1.498920 

10.000222 
10.0002  26 
IO.OOO23I 
IO.OOO235 
IO.OOO239 

"■4949  5 S 
1 1 .491026 
11  487133 
".483274 
11.479449 

10.000243 

10.000247 

10.000252 

10.000256 

10.000260 

10.000265 

"•4756S7 
M. 47 1898 
11.468172 

« ‘-+64477 

11.460814 

11.457181 

Secant 

Sine 


jo  «-4|79,9  9-99985 1 
j,  8.422717  9.9998+8 
j2  8.4*7462;9-999«+4! 
j,:8.432i569-999«+'1 
^|8. 43680019-999838 


Tangent 


tb.41  »o68 
8.422869 
8,427618 

8 +323'5 

3.436962 


9.999834 
9999831 
9.999827 
9999823 
9.9998  20j 


77  8-44'394 
,6  8 44594' 

:8  450440 

38  8 454893 
j9  8-4593°' 

40  8.463669 19.9998  i 6j 
. I;8.46798  5;9-999y* 2 

428.472263 
.,18.476+98 
44  8.480693' 

.r'8. 484848 

468.488963 
)7;8.493o4o 
48,8.497078 

49|8.4oio8o; 

So|8- 505045 
5 1 ! 8 508974 


8.441560 
8.4461  io| 
8.45061 3 
8.455070! 
8.459481 


8,463849 
8.468172 
9-999809(8.472454] 

9.9998058.476693 

,.999801 18. 480892! 


9 990797 (8  485050! 
9-999793 18-489 17°! 

9-99979°|8-49325o! 

9.099786(8.497293 


9,999782 


9.999778 

9 999774 


[8.501  298] 


8.505267 

[8.509200; 

8.513098' 


53  8. 5 16726^.999765(8. 5 16961 

* 8.520790 

55l8-524343 


8.528102 
8.53 1828 

8-535S23 

8.539186 

8.542819 


9-999757 
9-999753 
9-9997+8 
9-9997+4: 
9 99974°| 
9-999735 


Sine 


8.524586 

8.528349 

8.532080I 

8-535779 

8.539447 

3.543084 


577' 


C4051 


Tangent 


29 

2* 

27 

20 

25 

24 

23 

22 

21 

20 

«s 

18 

‘7 

16 

'5 

'4 

*3 

12 


■ c 

9 

8 

7 

6 


5 

4 

3 

2 


88  Degrees. 
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Tangent*  and  Secants. 


( 443  ) 


2 Degrees. 


Tangent 


Secant 


45|8. 681043 

66 


9-99947  ^ 


3318.706577  9.999437  8.707139  1 1.292861 
56  8.709049  9.999431  8.709619  11.290381 
8.71 1508  9.999424  8.714083  1 1.287917 
8.7139529.9994188.714535  11.285465 
8.716383  9 99941 1 8.716972  1 J. 283028 
8.7 18800 9.999404  8 719396  11.280604110.00059 


Tangent 


87  Degrees. 
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( 444  ) A Table  of  Artificial  Sines, 

3 Degrees. 

Minutes 

Sine 

Tangent 

■ 

Secant 

6c 

59 

58 

57 

56 

0 

1 

2 
3 

_4 

5 

6 

7 

8 

9 

8.718800 

8.721264 

8.7*359; 

8.725972 

8.728337 

9.999404 

9.999398 

9.999391 

9.999384 

9.999378 

8.719396 

8.721806 

8.724203 

8.726588 

8.726959 

1 1.280604 
11.278194 
11.275797 
1 1.27341 2 
1 1. 271041 

10.CO0596 
10.000602 
10.000609 
10  000616 
10.000622 

1 1.281200 
1 1.278796 
1 1.276405 
1 1.274028 
1 1.271663 

8.73068S 

8.733027 

8-735353 

8.737668 

8.739969 

9.999371 

9.999364 

9-999357 

9.999350 

9-999343 

8-7  3*3*7 
8.733663 
8.735996 
8.738317 
8.740626 

1 1.268683 
1 1.266337 
11.264004 
11.261683 
11-259374 

10.000629 

10.000636 

10.000643 

10,000650 

10.000657 

1 1.269312 
1 1.266073 
11.264647 
11.262332 
1 1.260031 

SS 

54 

53 

S2 

5_» 

5° 

49 

48 

47 

46 

45 

44 

43 

42 

4_j 

4C 

39 

3« 

37 

36 

10 

1 1 
IZ 

1 3 
[4 

«5 

16 

•7 

t8 

*9 

zo 

21 

22 

23 

25 

26 

27 

28 

29 
3° 

8.742259 

8.744536 

8.746802 

8.749055 

8.751297 

9.999336 

9.999329 

9.999322 

9.999315 

9.999308 

8.742922 

8-745207 

8.747479 

8.749740 

8.731989 

1 1.257078 
u. 254793 
1 1.25252: 
1 1.250260 
11.24801 1 

10.000663 

10.000671 

10.000678 

10.000685 

10,000692 

u.257741 
n. 255464 
1 1.253198 
11.250945 
1 1.248703 

8.753528 

8-7557+7 

8-757955 

8.760151 

8.762337 

9.999301 

9.999294 

9.999286 

9.999279 

9.999272 

8.754227 

8.756453 

8.758668 

8.760872 

8.763063 

11.245773 
11.243547 
11.241332 
1 1.239128 
11.236933 

10.000699 

10,000706 

10.000714 

10,000721 

10.000728 

11  246472 
u.244253 
11.242045 
11,239849 
1 1 .237663 

8.764511 

8.766675 

8.768827 

8.770970 

8.773101 

9.999265 

9.999257 

9.999250 

9.9992+2 

9.999233 

8.765246 
8.767418 
8.769578 
8-77 1 727 

8.773866 

1 '•234754 
1 1.232582 
1 1.230422 
11.228273 
11.2261 34 

10.600735 

10.000743 

10.000750 

10.000758 

10.000765 

M. 235489 
I I.233325 
H.23H73 

I 1.229030 
I f .226899 

8.775223 

8-777333 

8-779434 

8.781524 

8.783605 

8.785675 

9.999227 

9.999220 

9.999212 

9.999205 

9.999197 

9,999189 

8 775995 
8.7781 14 
8.780222 
8.782320 
8.784408 
8.786486 

1 1.224005 
1 1.221886 
11.219778 
1 1.217680 
11. 215592 
11.213514 

10.060773 
10.000780 
10.000788 
10.0*0795 
10.000803 
10.00081 1 

II.224777 
I I.2Z2667 
1 I.220566 
1 1. 2 18476 
1 I.216395 
II. 214325 

35 

34 

33 

32 

3' 

3C 

Secant 

Tangent 

Secant 

1 

S 

a 

c 

n> 

u 

83  Degrees. 

Minutes 


Tangents  and  Secants. 

( 445  ) 

3 Degrees. 

•*‘43*5  3° 
.212264  29 
.210213  *8 
.208172  27 
.206141  *& 


9.999118 


8.805852  3.9991108.806742  11 
8.807819  9 999i02'8. 808717  11 
8.809777  9,999094  8.810683  1 1 
8.8117269.9990868.812641  11 
8.81 3667  9.999077  8.814489  1 r 


9. 99902718. 826103!!  1. 
9. 9990190. 827992  1 1. 
9. 9990io[8. 829874*1 1. 
9.999002  8 831748]!  1. 
9 908993  8^83361 3(1 !, 


193258  10.000890 
191283  10.000898 
189317  10.000906 
187359  lo.ooo9i4 
18441 1 10.000923 


8347'i 

81539 

79616 

77702 

7t79t 


173897.10.000973  11 
1 72008*1 0.000981  11 
170126  'C.000990  It 
168252  10.01:0998  1 1 
166387110.001007  1 1 


.184402113 

M 

*3 


174870 

‘7*989 

171116 
16925 1 
167393 


Tangent 


86  Degrees. 


2 

Secant  c 


( 446  ) Tangents  and  Secants. 


4 Degrees. 

3 

s 

3 

C 

O 

Sine 

Tangent 

Secant 

60 
59 
58 
57 
5^ 
55 
54 
53 
5 2 

SJ 

5° 

49 

48 

47 

46 

45 

44 

43 

42 

4> 

V- 
39 
3 8 
37 
3t 

35 

34 

33 

32 

3 1 

30 

S 

5 

C 

*-* 

rt 

0 

1 

2 

3 
_4 

5 

6 

7 

8 

_9 

10 

1 1 

12 
*3 

11 

1 5 

16 

'7 

18 

12 

20 

21 
22 
Z3 
24 

2? 

26 

27 

28 

29 

30 

^843584 
8.845387 
8.8471 83 
8.848971 
8.850751 

9 998941 
9.998932 
9.998923 
9.998914 
9.998905 

8.844644 
8.846455 
8.848260 
8,850057 
8. 85  184.6 

11.1,5356 

* **53545 
11.151740 
11.149943 
11.148154 

10.001059 

10.001068 

10.001077 

10.001086 

10.001095 

II.I5O4I5 
I I.l  5461  3 
II.I52817 
1 I.I5IO29 
11.149249 

8.852524 
8.834291 
8. 856045} 
8.857S01 
8.859546 

9.998896 

9.998887 

9.998878 

9.998869 

0.008860 

8.853628 
8.855403 
8 857171 
8.858932 
8.860686 

1 1.146372 
11.I44597 
1 1.142829 
1 1.141068 

11.139314 

10.001 104 

lO.COl  1 1 3 
10.001 122 
10.001 1 3 • 
10.001 140 

1 I.I47476 
|i.|457°9 

ii. 143951 
1 1.142199 
u. 140454 

8.861285 
8.863014 
8.864738 
8.866455 
8 868165 

7.99885 ! 
9.998841 

9,998832 

9.998823 

9.098813 

8.862433 
8.864173 
8.86590; 
8.867632 
8.86915  1 

*1.137567 
11.135827 
1 1.134095 
1 1.132368 
11,130649 

10.001 1 49 
10.001 1 59 
1 0.00 1 1 68 
10.001 177 
10.001 187 

1 1.138717 
11.136986 
1 1.1 35262 

11.133545 

n. 131835 

8.869868 

8.871565 

8.873255 

8.874938 

8.876615 

7.998804 

9998795 

9,998785 

7,998776 

9.998766 

8.871064 

8.872770 

8.874469 

8.876162 

8.877849 

1 1 128,136 
11.127230 
11.125531 
1 1. 1 23838 
1 1. 1221 51 

10.001 196 
10.001 205 
10.00121 5 
10.001 224 
10.00!  231 

1 I.I3OI32 
11.128435 
1 1.126745 
1 1.125062 
1 1 . » a 338  r 

8.878285 
8.879945 
8.881607 
8 883258 
8 884903 

9.998757 

9.998747 

9.998737 

9.998728 

9.998718 

8.879529:11.120471 
8.881202  1 1.1 18798 
8.882869  1 > • 1 17131 
8.884530  1 1.1 15470 
8.886185,11.1 '3815 

10.001  243 
10.001 253 
10.001 262 
10.001 272 
10.001282 

11.121715 
11.120051 
1 1.1 18393 
11.116742 
1 1.1 1 5097 

8.886542 
8.888174 
8.889801 
8. 891421 
8.893035 
8.894643 

9.998708 
9.998699 
9.998689 
9.998679 
9.998669 
9 008659 

8.887833I1 1. 112167 
8.889476  1 1. 1 10524 
8.891 1 12,1 1. 108888 
8.892742!!  1.107258 
8. 894366'!  1.105635 
8. 80^9841  • 1.104016 

IQ. OO I 292 
IO.OOI3OI 
IO.0O13I  1 
10.001321 
IO.OOI33I 
IO.OOI34I 

1 1.1 1 3458 
1 I.l  1 1826 
11.110199 

11.108579 

11.106963 

11.105357 

Sine 

Tangent 

Secant 

85  Degrees. 

Digitized  by  Googli 


A Table  of  Artificial  Sines, 


4 Degrees. 


g 99856818. 910285 


8.9 

8.g 

8.9 

8.9 

8.9 


9.998506  8.919567 
9-998495  8.921096 
9.998485  8.922619 
9.998474J8.924136 
9.99846418.925649 


9-99®4S3 .8- 927*56 
9.998442  8.928658 
9.998431  8.930155 
9.998421  8.931647 

9.998410^933124 
9.9983998.934616 
9.998388  8.936093 
9 998377  8.937565 
9.998366  8.939032 
9.9983538.940494 
9.9983448.941952 


11.096013  10.001391  *1-09740425 
1 1.094430  10.001401  1 1. 095  S3  1 24 
11092853  10.001411  11.094264 '23 
11.091281  IO.OOI422  U.O927O3  22 
1 I.0897I4  IO.OOI432  I I.O9I  I46  21 


072844,10.001547  II. 074391  1C 
071 342]  10.001 558,1 1. 07  2900; 
069845110.001569  11.071413 
0683531 10.001579  1 1.069932] 
0668661  lo.ooi  590  1 1.0684c  6. 
065384  10.001601  11.066985  5 
063907  10. 00!6l2  1 1.065519  4 
06243510.00162311.064058  3 
06096810.00163411,062602  2 
05950610.00164511.061150  1 
058048  10.001651.  II. 039704  O 


Tangent 


Digitized  by  Google 


O'''*  c-s £> 


[Minutesl  0 


( 448  ) A Table  of  Artificial  Sines, 


5 Degrees. 


Tangent 


9.9983448, 

9 998333  8 
9.998322  8. 
9.99831 1 8. 
9.998300.8. 

9 698289  8. 

9.9982778. 

3 9^8266  8. 
9.99825  5 8. 
3 998243  8. 


-94 1 95  2 
.9434C4 
.944852 
.946295 
•947734 
.949108 
.950597 
.952021 
.953441 
•9H856 


1 1 .058048, 10 
1 1.05659610 
11.055148110 
1 1.05370;  10. 
1 1.052266  10, 

1 1.050832  10, 
1 1.049403  10. 
1 1.047979  10, 
1 1 .046559  10. 
1 1. 045144  10. 


.001656 1 1 
.001667  11 
.So  1678  1 1 
.001689  1 1 
.001700  1 1 
.001711  1 1 
.001723  11 
.001734  11 
.001745  11 
■001757  1 1 


84  Degrees. 


" \ 

A Table  of  Artificial  Sines, 

( 449  ) 

5 Degrees.  • 

Sine 


Tangent 


30|8-98«573  9-9979y&,8-983577 
8 982883  9.997984,8.984899 
8.984189  9.997972  8.986217 
8.98549119.9979598.987^32 
8. 9807 89  9. 997947  8. 988842 
8.988083J9.99793  518.990 1 49 


8.939374 

8.990660] 

8-99*943 

3.993222 


9.997922)8  99'45 


9.9979108.992750] 
9.997897  8.994045 
9 997885  8 995337 

8-994497|9-997873j8-9!y6624j 
8.995768  9.997859  8.997908 
8.997036  9.997847)8.999!  88 
8.998299)9.997835  9 000465 
8 999S59l9-9978zzi9-00l738 
9.0008 1 6 9. 997809  9 003007 
9. 002069*9.997  797j9. 004  2 72 

o.ooiilX m.nn77Xj'n  norru 


9.OO33I  8 
9.004563 
9.005805 


9.007044] 
9.008278 
9.0095 1 c] 
9.010737 
9.01 1 962 


9.013182 
9.014400 
901 561 

58) 9.016824 

59] g. 018031 


9-997784)9-°°5534 
9.99777119-006792 
9.997758  9,008046 


|9-997745  9-009298 
9-997732,9-oio546] 

9-9977,919-0Ji790j 
9.997706)9.013031 
9.997693  9.014268 


9. 997O80  9.015502 
9-997667|9-o«673  3 
3 9 997654  9-OI7939 
]9- 997641  9019183 
9^7628  9.020403 


9.01923519.997614  9.021620 


Secant 

> 

1 1.016423 
1 1. Cl  5101 
1 1.013783 
11  012468 
1 1 011158 

10.002004 1 
10.002016  ■ 
10.002028 1 
10  002041  1 
10.0020331 1 

1 1.00985 1 110.002065!! 
11.008549.10.00207811 
1 1-007250  10. 002090!! 

1 1 .005955  1 0.002 1 03 1 1 

1 1.004663  10  002 1 1 ? 1 1 

1 1. 0033  7OI  10.002 12  7]  i 
1 1.002092  10.002141  1 
1 1.000812  10.002153J1 
M.999535lic.oo2i65)i 
1 1.998262  10. 0021-78  1 

11.996963  10.002191!! 
11.995728  10,002203*1 
1 1 .994466  10.0022  i6|i 
II.993208  IO.O02229jl 
1 I.991933  10.0022421 

I 1.990702  10.002255  I 

II  989454  !0.O02208jl 
1 1.988210  1 0.0022  8 1 j 1 
II.986969  10.002294*1 
1 1.985732!  10.002307)1 

II.984498 
II.983267 
1 I.98204I 
1 1.980817 
11.979597 
1 1.978380 

10.002320.1 
10.002333-1 
10.002346:1 
10.002359 1 
10.002372 1 
10.002386 

Tangent 

84  Degrees. 

cTg 


.018427  30) 
.0171 1 7|*9 
.01581 1 28 
.014509*27 
.01321 1 ,'26 


•011917  *5 
.010626124 

•009340,23 

.008057 
.006778 


.005503 

.004232 

.0029641 

.001701 

.000441 


o 9991841 
0.99  y 3 1 ) 1 4 
0.996882  1 3 
0-995437  12 
o.9v4‘95'ii 


0.992956  lo 
0.991722) 
o 990490] 


0.989163  7 
0.088038'  6] 

5 

4 


0.9888  1 8 
0.985600 
o 98438) 
0,983176 
O.981969] 
O.98O76; 


2 

1 

O' 

1 2 


Secant  | c 


a 


Digitized  by  Google 


( 45°  ) A Table  of  Artificial  Sines, 


8 Degrees. 


5 9.025203  9 

6 9.026386  9 
79.0275679 
8 9.028744  9 
99.02991819 


9.031089  9, 
9.0322379 
9.033421  9 
9.0345829 
9.035741  9 


997547 

■997534 

■99752! 

.997507 

■997493 


,997480 

997466 

•997452 

•997439 

.997425 


*0.972345 
*0.971 148 
10.969934 
10.9687.63 
10. 967575 
10.9OO391 
*0.965209 
10.96403 1 
10.962856 
10.061684 


10.960515 

*0.959349 

10.9581871 

10.957027 

10.955870 


10.002453 

10.002466 

10.002479 

10,002493 

10.002507 

10.002520 

10.002534 

*0.002548 

10.002561 

10,002575 


10.002589 

10,002603 

110.002617 

10.002631 

10.002645 


02659 

02673 

02687 


9 051008  10.948992I10.00272 9 10.951721 
9.052*44  10. 9478561*0.002743  10  950600U j 
9 053277  *0.9467231*0.002758  10.9494813; 
9-c 54-407  io.945593jio.o»2772  10.948365 
9-055535  «o-944465iio.oo2786  10.947252  3. 
9.050659  10.943341.10.002801  10.94614! 


Tangent 


83  Degrees. 


A Table  of  Artificial  Sines, 


6 Degrees. 


Tangent 


34 

35 

3 & 

37 

38| 

39 

9-064806 
4* 


9.9971279.062240 
9.9971129.063348 
9.997098  9.064453 
9.99708?  9.065556 
9.997068  9.066655 


9.08071919.9968289.083891 

56  9>o8i759:9.9968i2[5.o34947 

57  9.082797)9. 99679719. 086000 

58  9-083832  9.996782  9.087050 

59  9.°84864'9. 996766*9. 088098 

60  9J3Mp4'9-99675 1 9089 1 44 


10.943341  10.002801 
10.942219  10.002815 
10.941 100  10.002830 
10  93998410.002S44 
10.038870J10.002859 


.002873 

.002888 

.002902 

.002917' 

.002932! 


1 0.93  2 2481 0.002947; 
10.931  154!io.oo296i! 
10.930062  10.002976 
10.928973  10.002996 
10.927887!  1 0.003006; 


10.926863  10.003021. 
10.925722  10,0030361 
10.914644  10.0030581 
10.923468  10.003066 
10922 195 10.003081 1 


10.921424 10.00309b: 
10  92035610.0031 1 1| 
10.919290110.003126; 
10.91 8227 10.003142; 
10.917167 10.003157; 


10. 9i6io9!io.  003172! 
10.915053110.003188 
1 0.9  i400o;i  0.003  203 
10. 9i295o'io. 00321  8 
10.91 1902  10.003234 
10.910856  10.003249 


Tangent 


10.946141 

10.945034 

10.943929 

10.942828 

10,941729 


0.935194 

0.934115 

0.933038 

0,931964 

0.930893 


0.929824  1 5 
0.928758  '4 
0.927695  '3 
0.926634  1 2 
°-92>S76ii 


O.924520  *0 
0.923467  9 
0.922417  o 
0.921369  7 
o 920324 


0.919281  5 
0.918241  4 
0.917203  3 
0.916168  2 
0.915136  » 
0.914106  _5 


83  Degrees. 


Digitized  by  Google 


A Table  of  Artificial  Sines, 


7 Degrees. 


82  Degrees. 


lvl  mutes 


Tangents  and  Secants. 

( 453  ) 

7 Degrees. 

Tangent 


Secant 


9.  j 2,- 1 87:9.996 100.9. 1 29ol<7  10.87091 3 
9.1 201 2519.996083  9.1 30041  10.869959 
9.1 2706019.996066  9. 130994  10.869006 
9. 1 2799  3.9.996049  [9.131 944  10.868056 
9.1 28925:9.996032  9.1  * 2893  10.867 107 


10.861458 
10.860524 
10.859591 
10.858660 
io  857731 


Tangent 


10.884302 

10.88334., 

10.882388 

10.881433 

10.880481 


0.866440 


Secant 


82  Degrees. 


Digitized  by  Google 


( 454  ) Tangents  and  Secants. 

8 Degrees, 

2 

5 

r 

n 

u» 

C 

1 

2 
3 

J 

5 

6 

7 

8 

9 

I 0 
, i 

l 2 

•'3 

'4 

1 5 

1 6 

'7 
! S 

19 

zo 

I I 

' 2 
23 

2 3 

26 

27 

28 

z9 

12 

Sine 

Tangent 

Secant 

9-'43555 
9- 1 4445  3 
9H5349 
9M6243 
9-'47'36 

9.995753'9->478°2 
9-99573S  9**4«7»S 
9-9957‘7|9-'49632 
9-995699  9- 1 50544 
9^99568  i|q.i  5 1 4 <:4 

10.852198 

10.851282 

10.850368 

10.849451 

10.848546 

10.004247 

10.0042b; 

10.0042S3 

10.004301 

10.004349 

10.856445 

10.855547 

10.854651 

10.853757 

10.852864 

60 

59 

78 

57 

56 

S5 

54 

53 

5* 

5' 

5° 

49 

48 

47 

4_t 

45 

4-1 

43 

4* 

4' 

9.148026 
9.148915 
9.149801 
9.150686 
9.1  J i ?6q 

9.995663.9.152363 
9.9956469.153269 
9.99562819.154174 
9.9956099.1 55077 
9-99559M9-' 55978 

10.847037 
10.84673 1 
10  845826 
10.S44923 
10.844022 

10.004337 

10.004354 

10.004372 

10.004391 

10.004409 

10.851974 
10.851085 
10.850199 
10.S49714 
10  848431 

9-'5*4S 1 
9.15333° 
9.154208 

9 2 5So83 
9 155937 

9-995S73|9-'50iJ77 
9-995555.9- *57775 

9*995  5 37  9- >5867 1 

9-9955  *99-*59565 
9.995  500I9. 160457 

10.843123 
10.842225 
10.841 329 
10.840435 
10,839543 

10.004427 

10.004445 

10.004463 

10.004481 

10.004500 

10-847549 

10.846670 

10.845792 

10.844917 

10.844043 

9.156830 

9.157700 

9.158569 

9- '5943  5 
9.160300 

9.995482(9.161347 

9995464.9-162236 

9*995445  9- i63«23 
9,995427:9.164008 
9.99540919.164892 

10  838653 
10.837764 
10.836877 
10  835992 
10.855108 

10.00451b 
10.004536 
10.004555 
10.004573 
10.00459 . 

10.8431 70 
10.842300 
10.841431 
10.840565 
10.839700 

9161 164 
9.162025 
9. 162885 
9.163743 
9 164600 

9 99539°j9-'65774 
9-995  37A|9- 1 66654 
9-99  5 3 5 3|9- 1 ^7  5 3 2 
9-995334!9-‘684°9 

9.9953169.160284 

10.834226 
10.833346 
10.S32468 
10.831591 
10.8 107 16 

10.00461c 

10.004628 

10.004647 

10.004666 

10.004684 

10.B38836 
10.837975 
10  8371 15 
10.836257 
10.835400 

40 

39 

3« 

37 

lb 

35 

34 

33 

3* 

3' 

30 

2 

3 

C 

r-» 

O 

to 

9.165454 

9.166307 

9.167159 

9.168008 

9.168856 

>.169702 

9-995*97 

9-995*78 

9.995260 

9.995241 

9.995222 

9.995203 

9.170157 

9.171029 

9.171899 

9.172767 

9.173634 

9.174400 

10.829843 
10  828971 
10.828 101 
10.827233 
to  826366 
10  825591 

10.004703 

10.004722 

10.00474*: 

10.00475.. 

10.004778 

10.00479-: 

10.834546 
10.833693 
10.822841 
10  831992 
10.831 144 
10.830298 

> 

Sine 

Tangent 

Secant 

81  Degrees. 

Digitized  by  C 


Tangents  and  Secants. 

( 4 55  ) 

8 Degrees. 

Tangent 


°3  9- « 74499J 
8+SM7S'62 
6 C Q. I 76224 
77084] 
7794*. 
/8799 
7965?, 
80508 
81  36  ' 
822 


Secant 


10. 805047 

IO  80 5 2 2C 


O.OOJ  102 
0.005202 
O.CO^  22  I 
0.005241 
0.005  2f,» 


5519.1903259.9947199.1956:6  IO.804394  IO.CJO528I  10,80^675 
5619.191 1309.9947009.19643c  10  803570  10.005300  io.8o887< 
5719.191933  9 9y468o9. 197233  10.8:2747  10.005320  10.80806; 
589.1927349.9946609,19^074  10.80192  10.005340  10. 8072^1 

>9  9-»9353  + V 99+640:9.198804  10.801106  10.005360  10  80*46- 
60  o.  194332  9. q ^4620  g.ioq-’  1 2 10.800288  10  00538010.0056  >■ 


Tanjrent 


Secant 


Digitized  by  Googli 


viinuces 


Tangents  and  Secants. 


9 Degrees, 


Tangent 


>• 1 94  J 3 2j9  994020  9 
>• 1 9> 1 29 9*9>46oc  9 
>19>9z5|9-99458c  9 
M96719I9.99456C  9 

>• 1 97?  1 1 9-99454°  9 
1-198302  7.9945199 
1. 19909 1 9.9943999 
>.  199879  9.994479  9 
l. 2006669. 994459  9- 
1.20145 1 9.994448  9- 

1.2022349.994418  9' 
1.20301 7 9.994397  9 
■203797  y»994377  9- 
'•204577  9-994357  9- 
.205354  9,9943:6  7. 

.206131  9.9943 16  9. 
.206906  9.994295  9* 
.2076799,994274  9. 
.208452  9,994254  9. 
.209222 9.99423?  9- 


209992  9 
.210760  9 
• 211526  9 
.212291 9 
2 1 3°:  5 9 
.2138189 

2 1 4579  9 
.2153389 
.216097  9 
.216854  9 
.2176099 


994212  9. 

994*9*  9- 
994171  9. 
9941509. 
994  12  7 9_ 
994108  9. 
9940879. 
994066  9. 
994045  9- 
9940249. 
904003  9- 


■ 199712  10.700:88 
.200529 10  79947 1 
.201345I10.798655 
.202159  10.797841 
.202971)10.797029 

.203782.10.7962 1 8 
.204592)10.795408 
205*00  10  794600 
.206207  10.793793 
z°701 3 10,792987 
.207817  10.792183 
2o86i9'io.79i38i 
.209420)10.790580 
.210220110.789780 
211018  10,788982 
21 1815  10.788185! 
212611  10.787389! 
2,340s'io. 786595 
214198  10  785802 
214989  10. 78501  r] 

215779  10.78422 1 
2165(38  10.783432 
217356110.782644 
218142  10.7S1S58 
2(8926  10  781074! 
2197 10  10  7^0290) 
220492)10.779508 
221272  10.778728 
222052  10.777948 
222830 10  777170 
223606  10.776394 


Tangent 


Secant 

10.005380 
io.oo  5 400 
io. 005420 
10.005440 
10.005460 
10.005481 
10.005501 
io. 005521 
10.005541 
10.005562 

10.005582 

10.005603 

0.005623 

0.005643 

0.005664 

0.005684 

0.005705 

0.005726 

0.005746 

0.005767 

0.005788 
0. 005809 
0.005829 
0.005850 
o 00587 1 

0.005892 
0.0059 13 
0.005934 
0.005955 
0.005976 
0.005997 


0.8^5668  60 
0.804871  S9 
0.804075  5® 
0.803281  57 
0.802489  5^ 

0.801698  55 
0.800909  54 
0.800121  53 

o-799334  52 

0.7985495* 

0.797766  50 
0.796983  49 
0.796203  48 
0.7954234/ 
0.794646  4° 

0.79386945 

0.793094  44 
0.792321  43 
0.791  548  42 
0.790778  4* 
0.790008  40 
0.789240  39 
0.788474  38 

0.78770937 

0.786945  36 

0.786182  35 
0.785421  34 
10.784662  33 
10.783903  3Z 
0.783146  3 1 
10.782391  35 

¥ 

5 

Secant  5 

1 1 


80  Degrees. 


Digitized  by  Google 


7 1 


x Tangents  and  Secants.  ( 457  ) 

9 Degrees, 

? 

3 

C 

rt 

Sine 

Tangent 

Secant 

3° 

-9 

28 

27 

26 

z5 

-4 

2J 
22 
: 1 
20 

‘9 

18 

*7 

16 

*5 
*4 
*3 
12 
1 1 
10 

9 

8 

7 

6 

3° 

3' 

32 

33 

34 

35 
3° 

37 

38 

— 

40 

4' 

42 

43 

44 

Jo 

*7 

48 

49 

9.217609 
9.218363 
9.2191 16 
9.219868 
9.220618 

9.994003 

999398' 

9.99396° 

9-993939 

9-9939*8 

9-993896 

9993875 

9-993854 

999,832 

9.993811 

9.223606 
9,224382 
9.225 156 
9.225919 
9.226700 

*0.770894 

10.775610 

10.774844 

*0.774071 

*0.773300 

*0.005997 

10.006919 

10.006040 

10.006061 

10.006082 

IO.78239I 

10.781637 

IO.780884 

10,780132 

IO.779382 

9.221367 
9.222115 
9 222861 
9.223606 
9.224349 
9.225092 
9.225833 
9.226573 
9.22731 1 
9.228048 

9.227471 

9.228239 

9.229007 

9.229774 

9.230539 

*0.772529 
10.771761 
10  770993 
10.770226 

10.769461 

10.006104 

10.006125 

10.006146 

10.006168 

10.006189 

IO.778633 

■o-777885 

*0.777*30 

l0-77°394 
* °-7 7 565  ' 

9 993789 '9.23*302 
9.99376819.232065 

9-993746  9-232820 
9 993725,9  233586 
9-993703!9-23434^ 

10.768698 

10.767935 

10.767*74 

10.766414 

10.765655 

10.00021 1 
10.006232 
10.006254 
10.006275 

1 0.0062  Q7 

*0.774908 

*0.774167 

10.773427 

10.7-2689 

10.771952 

9.228784 
9.229519 
9.230252 
9.230984 
9-23 1 7 * 5 

9.993681 

9.993660 

9.993638 

9.093616 

9.993594 

9 235  *°3 
9.235859 
9.236614 
9-237308 
9.238120 

10.704897 
10.764 141 
10.763386 
10.762632 
10.761880 

IO.O063I9 

IO.O06340 

IO.O06362 

IO.OC6384 

IO.OO6406 

10.77  1216 
10.77048 1 
10.76974b 
10.769016 
10.768285 

50 

5* 

5 2 

53 

54 

55 

56 

57 

58 

59 

60 

9.232444 
9.233172 
9.233899 
9.234625 
9 z35 349 

9-993572 
9 99355° 
9.993528 

9-993  5°7, 
9 993484 
9.993462 
9.993440 
9,993418 
9-993396 
9-993374 
9.99  352 

9.238872 
9.239622 
9.24037* 
0.24 1118 
9.241865 

10  761 1 28 
10.760378 
10.759629 
10.758882 
10  758135 

IO.OO64Z8 

10.006450 

IO.OO6472 

IO.OO6493 

IO.O06316 

*0.767556 
10.766828 
10.766101 
10  765375 
10.764651 

g. 236073 
9.236795 
9-2375*5 

9.238235 

9.238953 

9.239670 

9.242610 

9-243354 

9244097 

9.244839 

9-245579 

9-246319 

10-75739° 
10.756646 
10.755903 
10.755 161 
10.754421 
10.753681 

IO.OOO538 

IO.O06360 

IO.O06582 

IO.OO6604 

IO.OO6626 

IO.O06648 

10.76392; 

10.763205 

10762485 

10.761765 

10.761047 

10.760330 

5 

3 

2 

1 

c 

2 

S' 

c 

0 

t ft 

Sine 

Tangent 

Secant 

| 80  Degrees. 

Digitized  by  Googli 


Minutes 


( 458  ) A Table  of  Artificial  Sines, 


10  Degrees. 


9.9932+09  249998 
9.993217  9.250730 
9-993*95  9 i5*46* 
9-993*7*  9*252I9* 
9-993*49  9-2?*92° 


10.746352I10.00&873  10.753225 
10.745626  10.006896  10.752522 
10.744900  10.006919  10.751819 
10.74417610.006941  10.751117 
10. 74341:3  10.006964  10.750417 


79  Degrees. 


Di 


Minutes 


Tangents  and  Secants. 

( 459  ) 

to  Degrees. 

Tangent 


Secant 


274049  9-99* *  *99 

.274708:9-992166 

•27S3^7,9-99a,42 
.276024  9.9921 1 7 
2766819-99209^ 


- z7 7337  9-992°^9 
.27799'  9-992°44 
.278644  9,992020 

•279297|9-99‘996 
•279948,9  99*97* 
.270599,9. 99^47 


Sine 


28526 

28594 


'°-739367  3° 


10.729265 


'0.725951 
10.725292  9 
10.724633  8 


Tangent 


79  Degrees. 


Secant 


( 460  ) A Table  of  Artificial  §ines, 


ii  Degrees. 


Tangent 


Secant 


9.991947  9.288652  10.71 1348I10.008053 
9 991922  9.289326  10.710674  10.008078 
9.99189719.289999  10.710001  10.008103 
10.709329  10.008127 
9.991 84819.291 3421 1 0.708658,!  10.008 1 52 


10.707987  10.008177 
10.707318  10.008201 
10.706650  10.008226 
10.705983  10.008251. 
10.701:316  10.008276 


9-991473l9,3OIZ95 


10  698049  10.008552 
10.697393  10.008577 
10.696739  10.008603 
10.696086  10.008628 
10.695433  10.008654 


9.305218I10.694782 
10  694131 
10.693481 
10.692833 
10.692185 
10.691537 


Tangent 


Minutes 


Tangents  and  Secants. 

( 461  ) 

11  Degrees. 

9*3  '4896|9  99°538 9- 
9-3*  5495;9*99°5  ‘ 1 9* 
9.3160929.9904859. 
9.3 if  688  9.9904589. 
9.3 17284 9.99043*  9. 
9,31 7879,9^90404  9 


344358  10.675642  10.009462  10.685104 
344983  10. 675017  10.009489  10.684505 
355607  10.674393  10.009515  10.683908 
366230  10.673770  10.009542  10.683312 
366853  10-673147  10.009569,10.682716 
377474  10-672526  10.009596(10682121 


Tangent 


78  Degrees. 


( 462  ) A Table  of  Artificial  Sines, 

i 2 Degrees. 

§ 

| 

5? 

0 

1 

z 

3 

_4 

5 

6 

7 

8 

_9 

10 

1 1 

12 
'3 

*5 

16 

'7 

18 

■9 

zo 

ZI 

22 

z3 

24 

Sine 

Tangent 

Secant 

60 

59 

5s 

57 

56 

55 

54 

53 

52 

5* 

5° 

49 

48 

47 

46 

45 

44 

43 

42 

4‘ 

4C 

39 

3s 

37 

36 

35 

34 

33 

32 

3* 

30 

S 

s 

c 

rf 

O 

CO 

9-3 1 7879 
9.318473 

9.319066 

9-3  *9658 
9.320249 

9.990404 

9.990377 

9.990351 

9.990324 

9-990297 

9-327474 

9.328095 

9.328715 

9-329334 

9-329953 

10.672526 

10.671905 

10.671285 

10.670666 

10.670047 

10.009596 

10.009623 

10.009649 

10.009676 

10.009703 

10.682121 

10.681527 

10.680934 

10.680342 

10.679751 

9.320840 

9-3**430 
9.322019 
9.322607 
9- 3 23  94 

9.990270 
9.990243 
9.990215 
9.9901 88 
9.990161 

9.330570 

9.331187 

9.331803 

9.332418 

9-333033 

10.669430 

10.668813 

10.668197 

10.667582 

10.666967 

10.009730 
10.009757 
10.009785 
1 0.0098 12 
10.009839 

10.679160 

10.678570 

10.677981 

*0.677393 

10.676806 

9.323780 

9.324366 

9.324951 

9-325534 

9.326117 

9.990134 

9.990107 

9.990079 

9.990052 

9.99002? 

9.333646 
9 334259 

9.334871 

9.335482 

9.336093 

10.666354 

10.665741 

10.665129 

10.664518 

10.663907 

10.009866 

10.009893 

10.009921 

10.009948 

1.0009975 

10.676220 

10.675634 

10.675049 

10.674466 

10.673883 

9.326700 
9.327281 
9 327361 
9.328442 
9.329021 

9.989997 

9.98997° 

9.989942 

9.989915 

9.989887 

9.336702 
9-3  373 1 1 

9.337919 

9.338527 

9-339*33 

10.663298 

10.662689 

10.662081 

10.661473 

10.660867 

10.010003 
10.010030 
10.010058 
10.010085 
10. 0101 1 3 

10.673300 
10.672719 
10.672138 
10  671568 
10.670979 

9.329599 
9 330176 

9-33°753 

9.331723 

9.331903 

9.989860 

9.989832 

9.989804 

9.989777 

9.989749 

9-339739 

9,340344 

9.340948 

9.341552 

9.342155 

10.660261 

10.659656 

10.659052 

10.658448 

10.657845 

10.010140 

10.010168 

10.010196 

10.010203 

10.010251 

10.660401 

10.669824 

10.669247 

10.668672 

10.668097 

z5 

26 

27 

28 

29 

30 

9.332478 

9.333051 

9.333624 

9 3 34 1 95 
9.334766 

9-333537 

9.989721 

9.989693 

9.989665 

9.989637 

9.989609 

9.989581 

9-342757 
9-34335* 
9 34395s 
9.344558 

9-345*57 

9-343755 

12.657243 

12.656642 

12.656042 

12.655442 

12.654843 

12.655245 

10.01 0279*10.6675  2 2 
10  010307  10.666949 
10.010335  10.666376 
io.oio363Iio.6658o5 
1 0.0 1 0391  10.665234 
10.0104 1 9'  10.664663 

Sine 

Tangent 

Secant 

77  Degrees. 

Tangents  and  Secants. 

C 463  ) 

1 x Degrees. 

Tangent 


Secant 


369,338742 
J7  9-339306 
389.339871 


ro. 660694 


10.01067*110.659566 


45  9-343797  9-989157  9.35464c  10  64536o!io.oio843  10.056203  15 

46  9.344355  9.989128 9.355*27  10.644773I10.010872  10.655645  14 

47  9.3449i29.98gioe  9.3558i3  10.64418710.01090010.655088  13 

48  9.3454699.989071  9-356398  io.6436oz'io.oio929  10.654531  12 

49  9.346024 9. 98904:  9.346982  10,643018:10  010958  10  653876  1 1 


65799.9890149.357566 


mm 


5 1 19-347 1 34  9*988985  9.358 149 


Tangent 


77  Degrees. 


Secant 


( 464  ) 


A Table  of  Artificial  Sines. 


13  Degree. 


Tangent 


Secant  * 


10.01 1276 
10.01 1305 
10.011334. 
10.01 1364 
10.01 1 393 


10. 01 1570 
10.011599 
10.01 1629 
io.oi  1658 
1 0011688 


10.628067  10.011718 
10.627501  10.011748 
10.626936  10.01 1777 
10.626371  10.011807 
10.625807  10.01  1837 


10.647912  60 
10.647365  59 
10.646819  58 
10.646274  57 
10.645729  56 

10.645185  55 
10.644642  >4 
10.644099  S3 
10643557  52 
10.643016  51 


10.642476 

10.641936 

10.641397 

10.640859 

10.640321 


20:9.3628899.9881339.374756 
21I9  363422  9 988103  9.375319 
22'9-363954  9.988073  9.375881 
2319-364485  9.9880439.376442 
24,19.365016  9.988013  9.377003 


25.9*36  55  4619.98798319.377563 
2619.366075 
27j9-3666o4 


2.622437 
2.621877 
2.621319 
2.620761 
2 620203 
2.619646 


Tangent 


Secant  g 


76  Degrees. 


Tangents  and  Secants. 


( 465  ) 


13  Degrees. 


IS 


Sine 

9 368185 
9.3687  ii 
9.369236 
9.369761 
9.370285 

9.987831 

9.987801 

9.987771 

9 98774C 
9.987710 

55  9-37°8o8;9. 987675 


36  9-37  * 33° 
3 7 ,9-37  ‘852’ 
38  9-372373 
,Q  9.372894 


9.987649 
9.98761  8 
9.9875S8! 
9-9s7i57 


40  9- 3 7 34' 4 9-9^75 20 

41  9-373935  9.98749i 
4a  9-374+5-|9  9g74^S  9 
43  9-37497°|9  987434  9 


4.4  9 375487 


45  9.376003 

46,9*3765»9|9  98734*|9-389i7^ 

i7;9  37703 

48  9-377549 

^19.378063 


5 9-9s73<° 


>o'9-378577 
5 1 !9  379089 
; 2 9-3796o. 
53:9-380113 
54  9-380624! 


,*519.381134 
56,9-381643 
579.382152 
58.9  382660] 

39]9-383«68 

9 383675 


6o) 


9.987403 


9-987372 


Tangent 


9 380354 
9.380910] 
9.381465 
j. 382020 
9.382575 


9.383129] 

9.383682 

9.384234 

9.384786] 

9-385337 


9.385898 

I9386438, 

.386987 

■387536! 

9.388084 


9.388631 


9.389724 


9.9872799.390270 

19.987248,9.390815 


9.987217:9.391359 


9.987186] 

9-987*55 

3I9.987124 


9.391903 

9.392447 

9.392989 


9.98709219.393531 


19.987061:9.394073 
9.98703019.394614] 
9.9879989  393134 
9.9879679.395693 
9.9879360.396233 
9.9879049  396771 


Sine 


0.019046 

0.619090 

0.618535 

0.617980I 

0.61-42 


0.016871 
0.616318 
0.61 5766] 
0,61  5214 

0.614663 


0.O141 1 2 
0.61 3562 
0.61 3013. 
0.61 24641 
0.61 1910I 


Secant 


10.01 2169 
10.01 2 199 
10.012229' 
10.012260! 
10  012290! 


10  012321 
10.01235 1 
10.01 2382 
10.01 241 2 
10.012443 


0.61 1 369 
0.610822 
0.610276 
0.609730] 
0.609185 


io.oi  2474 
10.012505 
10.012535 
10.012566] 
1 0012597 


10.012628 
10.01 2659 
10.012690] 
10.01 2721 
10.012752 


0.608641] 
0.608097 
0.607553 
0.60701 1 
0.606469 


10.0127831 
10  012814' 
10.012845J 
10.012876] 
10.012908] 


2.605927  10.012939 
2.605386,10  012970 
2.604846  10.01 3002 
2.604307  10.01 3033 
2.603767  10.013064 
2.603229  10.013096 


10.63181 5j3oj 
0.631289 
0.630764128 
0.630239] 
o 62971 5 


0.629192 
0.628670I 
0.628148I 
o 627627] 
c.627 lot 


0.626586] 

0.6260671 

0.625548 

0.62503; 

0.624513 


0.6239971 
0.623481 
0.622965 
o 62245 1 
0.62!  ,37 


0.621 423 
0.6209 1 I 
0.620399] 
0.619887 
0.619376 


Tangent 


0.61 88o&| 
0.61 8357 

o 61 7848] 

0.617340 

0.616832] 

0.616325 


Secant 


2? 

2t 


25 

24 

23 

22 
• 1 
20 

i'. 

18 

1 7 

16 

1 5 
'4 
'3 
12 
1 1 
1 c 

9 

8 

7 

6 

5 

4 

3 

2 

1 

o 


76  Degrees. 

TflT" 


.Digitized  by  Google 


( 4 66  ) A Table  of  Artificial  Sine?,. 

14  Degrees. 

Minutes 

Sine 

Tangent 

Secant 

60 

59 

5« 

57 

5^ 

55 

54 

53 

52 

5^ 

5° 

49 

48 

47 

46 

45' 

44 

43 

42 

4' 

4C 

39 

38 

37 

1} 

35 

34 

33 

32 

3' 

3° 

2 

5‘ 

c 

K 

(A 

0 

1 

z 

3 

4 

9'3«3b75 

9.384181 

9.384687 

9.385192 

9.385697 

9,986904 
9.986873 
9.986841 
9.986809 
9.986778 
9.986746 
9.986714 
9.98668  3 
9.986651 
9.986619 

9.39677* 

9.397309 

9.397846 

9.398383 

9.398919 

10.603229 

10.602691 

10.602154 

10.601617 

10.601081 

10. 01 3096 
10.01 3127 
10.013159 
10.013191 
10.013222 

10.616325 

10.615819 

10.615313 

10.614808 

10.614303 

5 

6 

7 

8 

9 

10 

1 1 
1 2 
'3 
'4 

9.386201 

9.386704 

9.387207 

9.387709 

9.38821c 

9-399455 
9.399990 
9 400524 
9.401058 
9.401591 

10.600545 
10.600010 
10  599476 
10  598942 
10.1:98409 

10.013254 

10.013286 

10.013317 

10.013349 

10.0*3381 

10.613799 
10.613296 
10. 6i  2793 
10.612291 
10.611790 

9.388711 
9.389211 
9.3897!! 
9.39021c 
9 390708 

9.986587 
9.9865  5 s 
9,986523 
9.986491 
9.986459 

9.402124 

9.402656 

9.403187 

9.403718 

9.404249 

10.597876 

1 °- 597344 
10.596813 
10.596282 
•0,59573' 

10.013413 
10.0*3445 
10.013477 
10. 01 3509 
10.013541 

10.611 289 
10.610789 
10.610289 
10.609790 
10.  ( 09292 

1 5 

1 6 

'■  7 

18 

19 

ZO 

21 

22 

23 

!4 

2i 

26 

-7 

28 

29 
3° 

9.391206 

9-39'7°3 

9.392199 

9.392695 

9.393*90 

9. 98642719.404778' 10  595222 
9 986395  9.405308^10.594692 
9,986363  9.405836:10.594  !04 
9,98633119.40636410  593636 
9.986299:9.406892110.593108 

*0.0*3573 

10.013605 

10.0*3637 

*0.0*3669 

10.0*3701 

10.(508794 
10.608297 
10  607801 
10.607305 
10.60681c 

9 393685 
9-394  79 
9-394673 
9.395166 
9 395658 

9.98626619.4074*9 
9. 9862}4j9. 407945 
9.986202  9 40847* 
9.9861699.408997 
9.9861 379.401. 52* 

10.592581 

10.592055 

10.591529 

10.591003 

10.490479 

10.013734 
10.01 3766 
10.013798 
10.013831 
10  013863 

10.6063 15 
*0.605821 
to. 605327 
*0.604834 
10.604342 

9.396 1 5° 
9.396641 

9-397 1 3 2 
9.397621 
9 3981 1 1 
9.398600 

9. 9861049. 410045 
9.986o72'9.4io569 
9. 98603919. 41 1092 
9.986007I9.41 16*5 

9-98S974  9-4»2'3? 
9 985942  9.412658 

10.589955 
10  589431 
10.588908 
10.588385 
10.587863 
io  58734.2 

10. 01  3896 
10.013928 

10.01  3961 
10.013993 
10.014026 
10.014058 

10.603850 
10. 6033:9 
*0.602868 
10  602379 
*0  60:889 
10.60*  40c 

Sine 

Tangent 

O 

Secant 

75  Degrees. 

Digitized 


Tangents  and  Secants. 


( 4^7  ) 


14  Degrees. 


S 9.405802  9.9#, -44;  9.42041 5 10 
46  9.406341  '9.98541419.420927  10. 
4719.406820)9.9853809.421440  10. 
4^i9‘ 107  2999.98  5347  9.421951  10. 
4919.407777  9.984214  9.422463  1 o, 


50  9.408254  9.985280 9. 422973jio. 

51  9.408731)9.98524;  9.42348^10. 

52  9.409207  9 9952139.423995  10 
52  9.4096829  98518019. 424503)10. 
54  9.41014-9.985146,9.42501 1 '10 

5>-  9.4100329.9851 129.425519110. 

56  9.41 1 106  9.985079.9.426027)10. 

57  9-4,l5799-98?°45!9-4*6534  10. 

58  9.41 2052  9.98501 1)9.427041  10. 

59  9*4 1 2524  9.984978  9-427547)10. 

60  9.4 1 29969.9849449.428052,10. 


579585^0.01455  3;io.594i  38  15 
579073|,o.°i4586:,o.  593659  14 
57856010.014620)10.593180  13 
578049110.014653)10.592701  12 
577537,|io.oi4686lio  502223  11 


5770.27)10. 014720  10.591746  10 
57651610.014753,10.591269  9 
57600710,014787)10.590793  8 
575497  10.014820.10590318  7 
57iq89'io. 014852110. 589843  6 
574481)10  014888  10.589368 
573973[i°  0,4921  10.588894 
573466  10.014955  10.588421 
5729591 10.0149.89  10.587948 
57245  3' 10.01  5022  10.587476 
571948*10.015056  10.587004 


Tangent 


75  Degrees. 


Digitized  by  Google 


( 468  ) A Table  of  Artificial  Sines, 


15  Degrees. 


1 

p 

B 

rt 

O 

to 

O 

2 
3 

J 

5 

6 

7 

8 

J 

IC 

1 1 

12 

*3 

lA 

'5 

16 

*7 

18 

*9 

. 

Sine 

Tangent 

Secant 

9.412990 

9-41 3+67 

9-4*  3938 
9.4 1440b 
10.414878 

9-984944i9-428o5  2 
9 98491019.428557 
9.984876I9.4290O2 
9.98484219.429566 
g.98480819. 430070 

10.571948 

(0.57*443 

10.57093b 

10.570434 

10.569930 

10.015056:10.587004 
10.01 509o'io.586533 
10.01 512440  586002 
10.015158:10.585592 
10.01 5 192I10.5851 22 

6c 

59 

5« 

37 

5^ 

55 

54 

53 

5z 

5J 

5° 

49 

48 

47 

+6 

9-4 1 5347 
9-4'S8,S 
9.416285 
9.416751 

9.417217 

9.984774 

9.984740 

9.984706 

9.984672 

9.984637 

9-43°573 

9.431075 

9-43*577 

9.432079 

9.432580 

10  569427 
10.568925 
10.568423 
10.567921 
10.567420 

10.015226 
10.015260 
10.015294 
10.015328 
10.01 5363 

10.584653 

10.584185 

10.583717 

10.583249 

10.582783 

9.417684 

9.418149 

9.418615 

9-4,9°79 

9-4'9<44 

9.984603 
9.984569 
9.984535 
9.984500 
9 984466 

9.433080 

9.433580 

9.4340S0 

9-434579 

9.435078 

10.566920 
10.566420 
10.565920 
10.565421 
10. <164922 

10.01 5397 
10. 01 543 1 
10.015465 
10.015500 
io.on;s*4 

10.582316 
10.581851 
10.581385 
to. 58092 1 
10.580456 

9.420007 

9.420470 

9.420933 

9-42*395 

9.421857 

9.984432 

9.984397 

9.984363 

9.984328 

9.984293 

9-43SS76|*o.5&4424 
9.436073  10.563927 
9.436570  10.563430 
9.437067  !o.562933 
9.437563110562437 

10.01 550s 
10.01 5603 
10.015637 
10.01 5672 
10.01  5707 

10.579993 

10.579530 

10.579067 

(0.578605 

10.578143 

45 

44 

43 

42 

4_* 

40 

39 

3? 

37 

36 

20 

21 

22 

2 3 
24 

q 422518 
9.422778 
9.423238 
9.423697 
9.424156 

9.984259 
9.984224 
9.984189 
9.984155 
9.984  I 20 

9.438059 

9-438S5-» 

9.439048 

9-439543 

9.440036 

10  561941 
10.561446 
10.560952 
10.560427 
10.559964 

10.015741 
10.015776 
10.01581 1 
10.015845 
10. 01 5880 

10.577682 
10.577222 
10  576762 
10.576303 
10.575844 

z5 

26 

27 

28 

ZS 

ic 

9.424615 

9.425073 

9.425530 

9.425987 

9.426443 

9.426899 

9.984085 

9.984O5O 

9.984OI5 

9.983981 

9.983946 

9.983910 

9.440529 

9.441022 

9.441514 

9.442006 

9.442497 

9.442988 

10.559471 
10  558978 
10.558486 
10  557994 
IO-5S75°3 

10.257012 

10.015915 
10.01595c 
10. 01  5985 
10.016019 
10.016054 
10.016090 

10.575385 

10.574927 

10.574470 

10.574013 

*°-5735S7 

10573101 

35 

54 

33 

32 

3' 

30 

' 

Sine 

Tangent 

Secant 

S 

D 

C 

n 

CA 

74  Degrees. 


Digitized  by  Google 


Tangents  and  Secants. 

( 469  ) 

15  Degrees. 

. 1 

Tangent 


30  9 426899^8391019.442988 

3 < 9-427354  9-98387  5 9-445479 

32  9.4278099.9838409.443968 

33  9.428z63'9.9838o3  9 444458 

34:9.4287 1 7)9.98  3 770  9.444947 


359  429t  709.983735  9.44543; 
360,429623  9.98370c 9 443923 
37,9-43°075;9-983664  9.4464 1 1 
38:9.4305279.9836299.446898 
399  430978  9.983 C94  9.447384 


|9-43,4z99*983558  9-447  870 
9.4318799.983523  9.448356 
19.432328-9.9834879.448841 

9-432778  9-98345z  9-449326 

9 433226^. 98*4169 44981c 


0.5  5701 2: 10.016090 
0.556521110.016125! 
0.556032  10. 0i6i6Oj 

0 5 5 5542j *°  oi6,9>; 

0.555053  10.0162301 


0.554505  10.016205! 
0.554077.10.016300 
0.553589  |o.o,6336 

0.553102  1 0.01 637 1 j 
0.5  5 261 6 1 0.01 6406* 


0.552  1 30  10016442 
0.551644:10.0164771 
0.551 1 59  10  016513! 
0.55067410. 016548- 
0.55019010.0  6584' 


o 549700  jo. oi662o| 
0.549223110.016655. 
o.  548  7401 10.0 1 669 1 1 
0.548257J10.0167271 
0,547775  10  016-762; 


0.573101  3 
o 572646  2 
0.572191  2 

°-57 1 737  27 

0.57 1 283  20 

0.570830  25 
o 570377  z4 
0.569925  23 
0.569473  22 
o 569022  21 


0.5O8571 
0.568121 
0.567672 
0567222 
o 566774 


0.566325 
0.563878 
o 565431 
O.  564984 
0 9<s4?3i8 


74  Degrees. 


H h 3 


Digitized  by  Google 


Minutes 


A Table  of  Artificial  Sines, 
1 6 Degrees. 


5'|  Sine  Tangent 

r-»  I 

n | 

C ft  - - ' 

~0  9-440338.9-982842,9-4s749& 
1^9-44°778l9  982805  9.457973 

2l9-44 1 2 1 89.982769.9.458449 
3j9.44i658|9.98z733'9.4S8925 
^3.44  209619.982606,9.459400 

~ ^19.44253 5 9.982660J9.459875 
69.442973  9.982624  9.460349 
7 9.443410  9.982587:9. 460823 
39.443847  9-982551  9.461297 
q9- 444284  9-9823  1 4 9-46<770 
10  9 4447209.982477  9.462242 
I , 9.445155  9.982441  9.462714 
129.4455909.982404  9.463186 
,3  9.446025  9.98236;  9.463658 
l4  9.446459  9 982331  9.464128 

i7  9-446893  9-982294  9.464599I 
16  9.447326  9.982257  9 465069 

! 7 9-447759  9-98z22c  9.465539 
189.448191  9.982183  9.466008 

| n Q 448623  9.982146  9-466476 

20 9 449°54 9-98z,09  9-46694; 
21  5.449485  9.982072  9.467413 
229.4499159.982035  9.467880 

23  9.450345  9.981998  9.468347 

24  9.45077^  9-981961  9.468814^ 

7^  9.4512049.981924  9.469280 
269 .4516329.981886  9.469746 

27  9.4520609.981849  9.47021 1 

28  9.45 2488  9.98 1 8 1 2 9.470676 
2C  I.4529I  5 9.981774I9.47I  I4I 
ic  9.4 ; 3 342  9-98 1727I9  47 1605 


°-5  42  5°4i  * °- 
0.542027  10. 
0.541551  10. 
0.541075  10. 
0.540600  10. 

■ ‘I 

O.54OI25  IO. 
0.53965 1 to. 
0.539177  10, 
0.538703I10. 
0.538230:10. 
0.537758” 
0.537286  10, 
C. 536814  10. 
0.536342  10, 
0.535872:10, 

0.535401  10 

0-53493 1 10, 
0.534461  ,0, 
0.533992  ,0 
0-533524  ia 
o 533°S5  10. 
°-532S87  10, 
0.532120  10. 
0.531653  I0. 
0.531186110. 
0.530720  10, 
0 S30254;io. 
0-529789  10, 
o 529324  10, 
0.528859  ,0, 
0^28395,10, 

Tangent 


Secant 

0.01715* 
0.017195 
0.017231 
0.017207 
0.017304 
0.017340 
0.017376 
0.017413 
0.017449 
0.01 7486 
0.017523 

o-° 1 7 5 59 
0.017596 
0.017633 
0.017669 

0.017700 
o.°i77'4? 
D.01778C 
o. 017817 
0.01 7854 

D. 01  789I 
O.OI7928 
O.OI7965 
0.018002 
0. 01 8039 
O.O18076 
O.Ol8l  14 
D.OI  8l  5 I 

0.01 8 188 
0.018226 
0.018263 


73  Degrees. 


Digitized  by  Google 


Tangents  and  Secants. 


( 47»  ) 


1 6 Degrees. 


Tangent 


0.52 

g 

395 

0.$2 

O.52 

932 

468 

c.52 

7 

005 

0.52 

6 

548 

9-4575849-9Sl  36'  9-476z23 

9.4580069.981 323,9- 476683 

9-458+*7'9-98*z85  9 477'42 
9.4588489  981247,9.477601 
9.450268  9.98 1 2 299.478059 


4c  9.4696889.981171)9.478517 

46  9.460108,9.9811339.478975 

47  9 4605*7.9.981095  9.479432 

48  9.4609469.981057,9.479889 

49  9-461  46419.98  1°  I 9;9  480445 

50  9 46178219, 980980I9. 480801 

51  9.4621999.98094219.481257 

52  9.46261 6a. 980(904  9.48171 2 

53  9.463032  9 9808660.482167 
-4  9.463448 9. 9SoS27'9. 48262 1 


8.63I 

8301] 

8388 
837>: 
841 3 


10.526081)10.018451  10.544531  2. 
10.525619  10.018483110.544107  2. 
10.525158  10.018526  10.543684  23 
10. 5 24697}  1 0.0 18564'  10.543261 
10.324237  1 0.0 18601  i 1 0.5  4 2838 


10. 5237771 10.0 186491 10.5424  16  10 
10.523317110.018677110.541994  '9 
10.52285810.01871510,541573 
10.522399  1 0.0 187 5 3!  1 0.541 152  '7 
10.52194  1 ; 10.01  879110.540732  ,f 


io.52i483|io.oi8b2(j  10.5403 12 
10.52 102  5' 10  ci  88671 10. 539892 
1 o.  5 20568,1  o.oi8y05 110.539473 
10.520111  10018943110.539054 
10.519635  1 0.0 1 898 1 10.5  38646 


10.519199  10.019020  10.53821c 
1 0.5 1874  3!  1 0.0 1 905  sj  1 0.5  37801 
10  518288)10.019096  10.53738., 
10.517833,10.019134  10.536968 
10  5I737q'io.oiqi?3  10.536,-1:2 


73  Degrees. 
H h 4 


Digitized  by  Google 


11  u res 


Minutes} 


( 472  ) 


A Table  of  Artificial  Sines, 


17  Degrees. 


Tangent 

Secant 

9-485339 

10. 51+06110. 019404 

10.534065 

60 

9,485791 

10,5  I4Z09 

10.0194+2 

*°  533652 

59 

9.480242 

10.513758 

10.019481 

*0.533239 

5« 

9.486693 

*0.513307 

10.019520 

*0,532827 

57 

9.4871*3 

10.5 1 2857 

10.019559 

*0.532415 

S6 

9.487593 

IO.5  I 24O7 

*0.019597 

10.532004 

55 

9.48.10+3 

10.51  1957  io. 019636 

10.53*593 

54 

9.488492 

10  51 1508 10.019675 

10.531183 

53 

9.488941 

10  5 1 i05gbo.oi97  14 

lo-S3°77  3 

S2 

9.489390 

1 0.5 106 1 oil  0.0 197  5 3 

10.530363 

5' 

9,489838 

10.5 10162  10.019792 

10.529954 

5° 

9.490286 

10.509714 

10.01983: 

*0.529545 

49 

9-49°733 

10.509267.10.019870 

10.529!  37 

48 

9.491 180 

1 0. 508820*  1 0.0 19909 

10.528729 

47 

9.491627 

O 

O 

OO 

OJ 

10.019948 

10.528-22 

46 

9.492073 

10.507927  10.019988 

*0-527914 

45 

9.4925*9 

10.507481 

10.020027 

10.527508 

44 

9.492965 

*0.507035 

10.020066 

10.527102 

43 

9.493410 

10^506590  10  020105 

10.526696 

42 

9.493854 

10.50614  b 

10.020145 

10.526290 

4' 

9.494299 

10  505701 

10.020184 

10.525885 

40 

9-494743 

10.505257 

10.020224 

10.525481 

39 

9.495186 

10.504814 

10.020263 

10.525077 

38 

9.495630 

10.50437° 

10.020303 

*0524673 

37 

9 496073 

10.503927 

10.020342 

IO.52427O 

36 

9.496515 

10.503485 

10.020382 

10.523867 

35 

9-496957 

10  503043 

10.020422 

10.523464 

34 

9-497399 

10.502601 

10.020461 

10.523062 

33 

9.497841 

lo.^ozi  qg 

10.020501 

10.522660 

32 

9.408282 

10.50171s 

10.020541 

10.522259 

3* 

9.498722 

10.501278 

10.02058 1 

10.521858 

30 

Tangent 

Secant 

Minutes 

Sine 


9-46S93S  9-98o536 
9.466348  9.980558 
9.466761:9.980519 
9.46717319.980480 
9.46758519.980441 
9. 467996^.  980403 


.9.^68407 
7I9  4688I7 
80.4692*7 

9,9-469637 

1019.470046 

9-47°45S 

9.470863 

9-47l27l 

9.471678 


19  980364 
19.980325 
9980286 
(9.980247 


9.980208 
[9.980169 
9.9801 30 
9.980091 
9.980052 


9.472086 
9.472492 
9.472898 
9-4733°4 
1 9 9- 4-7  37 1 0 
209  474"S 

21  9.4745 1 9 


9.474923 

9-47S327 
1249  475730 


9.980012 

9-979973 

9-979934 

9.079895 

9.979855 


[9.979816 

9979776 

9-979737 

9.979697 

9.979658 


25j9-476*33:9-9796*8 

26  9-476536  9-979578 

279-476938,9.979539 

28  9-477340  9-979499 
29'9-47774*:9-979459 
30  9 47 8 142  9-9794 ; 9 

Sine 


72  Degrees. 


Digitized  by  Google 


Tangents  and  Secants. 

( 473  ) 

17  Degrees. 

35  9-4«oi4o|9  979220  9.500920: 

36  9.48053819.979180  9*501 359, 

37  9-48°937,9-979l  4°  9- 5° 1 797 

38  9-48»334!9-979io°9-S02235. 
9-48i73iI9-979059  9-S°2  ^ ^ 


9.4821 289.97^019  9.505  IO9 
9.48252519.9789799.503546 
9.48292 1 9.978939  9-5°3982 

9.4833169  978898l9-5°44l8 

9‘4837 1 2^9.97  88  38 '9- 5°48?4 


881 

8 77 
873 
869 


9.486075  9,97861 519.507460 
9.486467^.978574  9.507893 
9.486859,9.9785  33'9. 508326 
9-48725' 9 978493|9-5o8759 
94876439.978452,9.509191 


10.499080  10.020780 
10.498641  10.020820 
10.498203  10.020860 
10.4  3776  5 1 1 0.020900 
io.49732Sjio.02094i 


10.496891*10.020981 
1 J.496454I10. 021021 
10.496018110.021061 
10.495582  10.021 102 
10.405126  10.021142 


10.492540  10.021385 
10.492107  10.021426 
10  491674  10.021467 
10.491241  10.021507 
10  490809  10.021548 


10.021671 
to. 021712 
10.021753 
10.021794 


10.5 19860 
.0^519462 
1075 19063 
10.518666 
10.518269 


10.5 17872 

,0<5 1 7475 
10,517079 
10.516684 
10.516288 


10.515893 
10.515499 
10.515105 
10.514717 
1 0.5 1 43 1 1 


10.513925 

,0-5  *3533 
10.513141 
10.512749 
10.512357 


Tangent 


72  Degrees. 


( 474  ) A Table  of  Artificial  Sines,' 


18 

Degrees. 

3 

3 

C 

Sine 

Tangent 

Secant 

0 

9.480982 

9.978206 

9.511776 

10.488224 

10.021794 

IQ.5OOOI8 

60 

I 

9.490371 

9.978165 

9,512206 

,0-487794 

10.021835 

10.509629 

59 

2 

9.4907599.978124 

9.512635 

1 °.  487365 

10.021876 

IO.5O924I 

58 

3 

9.491147 

9.978083 

9.513064 

10.486936 

10.021917 

10,508853 

57 

4 

9.491534 

9.978042 

9-5*3493 

10.486507 

10.021958 

IO.508466 

5‘ 

s 

9.49ig22 

9.978001 

9.513921 

10.486079 

10.021999 

IO.508078 

SS 

6 

9.492308 

9 977959 

9.514349 

10.485651 

10.022041 

IO.5O7692 

54 

7 

9 4926^ 

9.977918 

9-5*4777 

10485223 

10.022082 

io.5©73°5 

53 

8 

9.493081 

9977878 

9.515204 

10  484706 

10.022122 

10.506919 

52 

9 

9.493466 

9-977835 

9-5*5631 

I O.484369  I O.C 2 2 I 6^ 

10.506534 

5_‘ 

IO 

9.493851 

9-977794 

9,516057 

IO.  48  3943'  10. 022206 

10.506149 

5° 

1 1 

9.494236 

9.977752 

9.516484 

IO.4835  16(10.022248 

10.505764 

49 

12 

9.494620 

9.977711 

9.516910 

10.483090 

I0.022289 

10.505380 

48 

>3 

9.495005 

9.977669 

9- 5*7335 

10.482665110.022331 

10.504995 

47 

'4 

9.495388 

9.977628,9.517761 

I O.48  22  39' 10.02  2 37  2 

10.404612 

46 

15 

9-495772 

9.977586(9  518185 

IO.481815  IO.O224I4 

10.504228 

4S 

l6 

9-496,54 

9-9775H9-5186io 

IO.481  390^0.022456 

10.503846 

41 

•7 

9-496537 

9.977503 

9.519034 

IO.480966  IO.O22497 

10.503463 

43 

18 

9.496919 

9.977461 

9.519458 

10.480542^10  022539 

10.503081 

42 

'9 

9.497301 

9>9774'9 

9.519882 

10.4801 18(10.022581 

10.502699 

4 1 

20 

9.497682 

9-977377 

9.520305 

10479695 

IO.O22623 

10.5023 18 

40 

21 

9.498063 

9-977335 

9.520728 

10.479272 

IO.O22665 

10.501937 

39 

22 

9.498444 

9.977293 

9.521151 

10.478849 

10.022707 

10.501556 

38 

23 

9.498824 

9.977251 

9.521573 

io-478427 

10.022749 

10  501176 

37 

24 

9 4992°4 

9.977209 

9.521995 

10478005 

10.022791 

10.500796 

3J: 

25 

9.499584 

9.977167 

9.522417 

10.477583 

IO.O22833 

10.500416 

35 

26 

9.4999639.977125 

9.522838 

10  477162 

IO.022875 

10.500037 

34 

z7 

95.003429,977083 

9.523259 

10.476741 

10.022917 

10.499658 

33 

28 

95.00721(9.977041 

9.523679 

10.476321 

IO.O22959 

10.499279 

32 

20 

95.01099  9.976999 

9.524100 

10.475900 

IO.O23OOI 

10.498901 

3' 

ISo'q  5-0 1 476-9.9769 C7  9-  ? z45  20 

10.47548c 

IO.O23O43 

10.498424 

30 

s 

3 

c 

n 

Ui 

Sine 

Tangent 

Secant 

71  Degrees. 


Diaitiz 


jgle 


Tangents  and  Secants. 


( 47-J  ) 


1 8 Degrees. 


Sine 


Tangent 


JCX9- 5°' 4"'  6,9.976957)9.  J245Z0. 

31  9-5°i 854  9-976914  9.524939' 
I3  2,9- 5°2  2 3 1 9-97687^9-5i>'359 
1^19.502607  9-976830:9.325778 

^419.502934  9-97' 78719-^6197 

13^9.3033609.976745  9.52.', 6. 5 
(36>)9-5 J3735  9-976702)9. 527035 
37(9- 5°4 1 lc  9 976660  9.527451 
38  9-5044s5  9-976617  9.527868 
3q]9-5°486-:  j 976374  9-528285 


409-505234 

4,  9.5056.  8 

42) 9-50598 1 

43) 9.506354 
44j9-506~2- 


I9-976532 

I9.976489 


|9- 528702 
9-5=9'  *9 


9.976446)9.529335 

9.97640419-529950 
^976361)9. ; 3036f 


[45  9-50709';  9-97631819. 530781 

46  9-5°747 1 9.976275)9.531 196 

47  9-507843  9.976232:9.33161 1 

48  9-508214  9.976189)9.532025 

49  9-5o8;85  3.97614619, 5 ,24  3,, 


9.508956 
9.509326 
[9.509696 
9.510065 
54|9-5io434 

55 

56 

|S7 

58 

59 


9.976103,9.532853 


19.9760179.53,679 
9-97597+j9-5  34c92 


[9.510803 
9.5 1 n 72 
[9.5 11540 
9-5  "907 
„J9.5***7J 
6o|9  5 1 2642 


9.976060 


9.533266 


9-975887  9-5346i6 
,9-975844  9 5353=8 
19  9758oo  9.535739 
9-975757  9 536150 
:^-9757*3)9-536;6i 
19.975670.9.536972 


Sine 


Secant 

10.475480 
10  475061 
10.47464 1 
10  474222 

ic. 473803 

10.02304} 
10.02303(3 
JO.O23  1 2S 
lO- O23  I70 
1 0.02  } 2 1 3 

l0-47338; 

10.472967 

'0.472549 

10.472132 

10.471715 

10.023255! 

10.023298' 

10.023340) 

10.023383! 

10.023420) 

10.471298 
10.470881 
1 0.470465 
10.470050 
10.469634 

10.023460! 
10.0235 1 1 ! 

,o.o23554 

10.023596 

10.0236301 

10.4672 1 9 
10.468804 
10.468389 
10.467975 
10 467561 

10,023082; 
10.023725! 
10.023760' 
10.02381  ij 
10.023854 

10.467147 
10466734 
10.46632 1 
10.465908 
10.465496 

10.023097) 
10.023940' 
10.023983' 
0.02402^  j 
!o.o24o~e 

10.465084 
1 0.464672 
10.464261 
10.463850 
10.463439 
10.463028 

10.0241 1 3 
10.024156 
10.024200 
10.024243 
10.024287 
10.024330 

Tangent 

7 1 Degrees. 


0.4985  2430' 
0.498146:21; 
0.407769) 

0-497393  -/ 

o,497qi6I26 


0.496640^2  ■ 
0.4962O5 '2 
o 49589-  : 
0.49^5.5  22 
0.495 14012 1 i 


°-+947°-r 

0-494-39?! 

0.494019' 

0,493646). 

0-493273:' 


0.492501 

0.492529 
0.492157 
0.49 1 786:  • 
0-49'  4i  5 1 1 *1 


0.49104^,1 
0.490674  9 
0.490304  8 

®-489935j  7 

0.4895  6 6 

0-489197'  5 
0.488.3  28 
0-488460) 
0.488393 
°-4^77z  5 

0 487358 
Secant 


Digitized  by  Google 
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19  Degrees. 


| Minutes 

Sine 

Tangent 

Secant 

60 

59 

58 

57 

56 

0 

1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

1 1 

12 
'3 
'4 

9.512642 
9.513009 
9*5 1 3 3 7 5 
9-5 1 374* 
9-5  *4* °7 

9.97567° 
9.975626 
9-975  5^3 
9-975539 
9.975496 

9.536972 

9-537382 

9-53779* 

9.538202 

9.538611 

10.463028 
10462618 
10.462208 
10.461798 
10.461 389 

10.C24330 
10.024374 
10.024417 
10  024461 
10.024504 

10.487^58 

10.486991 

10.486625 

10.486259 

10.485893 

9.514472 
9.514837 
9.5 15202 
9.515566 
9-5*593° 

9*9754  S* 
9.975408 

9-97S365 
9-97  5 3 2 1 
9-975277 

9.539020 

9-5394*9 

9-539837 

9.540245 

9.540653 

10.460980 

10.460571 

10.460163 

*0-459755 

10.459347 

10.024548 
10.024592 
10.02463  5 
10,024679 
10.024723 

10.485528 

10.485163 

10.484798 

10.484434 

10.484070 

S5 

55 

53 

5* 

5* 

5° 

49 

48 

47 

46 

9.516294 

9.516657 

9.517020 

9.517382 

9-5*7745 

9-975*33 

9.975189 

9-975*45 

9.975101 

9 975057 

9.541061 

9.541468 

9.541875 

9.542281 

9.542688 

10.458939 

10.458532 

10.458125 

10.457719 

10.457312 

10.024767 
10.02481 1 
10.024855 
10.024899 
10,024943 

10.483706 
1 0.483  343 
10.482980 
10.48261 8 
10.482255 

'5 

16 

17 

18 
I_9 
20 
2 1 
22 

23 

24 

2 5 
26 

*7 

28 

29 
3° 

9.51S107 

9.518468 

9.518829 

9.519:90 

9.519551 

9.975013 

9.974969 

9-9749*5 

9.974880 

9.974836 

9.543094 

9-543499 

9-543905 

9.544310 

9-5447 '5 

10.456906 

10.456501 

10.456095 

10.455690 

10.455285 

10.024987 
10,025031 
10.025075 
10.025120 
10.025 164 

10  481893 
10.481532 
10.481 171 
10,480810 
10.48044.9 

45 

45 

43 

4* 

4* 

40 

39 

38 

37 

36 

35 

34 

33 

3* 

3* 

3C 

9.519911 
9.520271 
9.52063 1 
9.520990 
9.521349 

9.974792 

9-974747 

9.974703 

9.974659 

9.974614 

9.545119 

9-5455*4 

9.545928 

9-54633* 

9-S46735 

10.454881 

10.454476 

10.454072 

10.453669 

10.453265 

10.025208 

10.025253 

10.025297 

10.025341 

10.025386 

10.480089 

10.479729 

10.479369 

10.479010 

10.478651 

9.521707 

9.522066 

9.522423 

9.522781 

9.523138 

9.523495 

9-97457° 

9-9745*5 

9.97448! 

9.974436 

9.974391 

9*974347 

9.547138 

9.547540 

9-547943 

9-S48345 

9.548747 

9.549149 

10.452862 
10.452460 
10.452057 
10.451655 
10.451253 
10.15085 1 

10-025430 

10.025475 

10.025519 

10.025564 

10.025609 

10.025653 

10.478293 

10.477934 

'Q-477577 

10.477219 

10.476862 

10.476505 

Secant 

Tangent 

Secant 

— — 

§ 

3 

C 

A 

70  Degrees. 


Digitized  by  GoogI 


Tangents  and  Secants. 

( 477  ) 

19  Degrees. 

Tangent 


3=“.!<>  5234V5|9*974347  9-549 1 49  <0.450851110.0*5653  10.476505  30 
j <|9  S23s?2  9-974302  9 54955°  10  45°45°  10.025698  10.476148  29 

32  9.524208  9.974257  9.54995 1 10.450049  10.02 5743  10.475792  28 

33  9S24i64  9-9742<z  9- 5 5°3 5 2 <0449648110.025788  10.47543627 

34  7.524920  9.974167  9.550752  10. 440248' 10.0258 5 3 10,475080  26 


10.44685  ij 
10.446452- 
10.446054 
<0.445656 
'0-445256 


10.444861 

10.444464 

(0.444067; 

1 °-44367 1 ! 
10.443275! 

10.442879 
10  442483' 
po.  442088 
<0.441 692- 
to. 441298 


10.440903 
10.440506 
10.4401 1 5 
10.439720' 
<o-439327! 

10.438934 

Tangent 


10.026103I 

10.026148; 

10.0261931 

10.026239' 

10.026284) 


10.026329 
10,026375 
10.026420 
10.026465 
10.026?  1 1 

10.0265  S7 
10.026602 
10.026648 
10.0266931 
10.026739! 


10.026785- 
10.02683 1 
10.026876 
10.02692  2 
10.026968 
10.027014 


0.472954  2° 
0.472600  <9 
0.472247  <8 
0,471895  <7 
°-47<  542  L6 


0.471190  ‘5 
0.470839  '4 
0.470487  <3 
0.470136  1 2 

0.469785^ 

0.469435  10 
0.469085  9 
0.468735  8 
0.468386  / 
046803?  ^ 


0.467688J  5 

0.467339  4 

0.466991  3 

0.466643  2 

0.466296 

0.465948;  c 

? 

A 

Scc?nt  £ 


70  Degrees. 


sdinutfA: 


Tangents  and  Secants. 


( 479  ) 


20  Degrees. 


Si 

3 

C 

O 

Sine 

Tangent 

Secant 

■ 

1 

’ *1 

3° 

3' 

3* 

33 

34 

35 

37 

38 

39 
+0 

4> 

** 

43 

44 

9 5 44 3 z 5 
9.544663 

9 545°°' 
9-54S338 
9.545674 

9.971588 

9.971540 

9-97'493 

9971446 

9.971398 

10.028412 
10.028460 
10.028507 
10.028554 
10  028602 

•o  455675 
1 °-45  5 337 

10.454999 
10.454662 
10  454326 

9.54601 1 

9-546347 

9.546683 

9.547019 

9-547354 

9-97*  35  ‘ 
9-97 1 3°? 

9.971256 
9.971208 
g. 971161 

9.574660 

9.575044 

9-575**7 
9 5758'° 
9.576193 

- ip.  • 

•W  • « 

• • r • 

* ' 

W ; • r 

10.453989 

10.453653 

10.453317 

10.452981 

10.452646 

*5 
*4 
*3 
22 
2 1 

2C 

■9 

18 

'7 

16 

'5 
•4 
'3 
12 
1 1 
10 

9 

8 

7 

6 

5 

4 
3 

2 
1 
c 

5 
5' 

3 

9- 5 47689(9. 97  * 1 1 3 
9.548024  9 971065 
9.5483589.971018 
9- 548693'9  97=97° 

9-549°27  9-970922 

9 576576 
9 576958 
9-37734' 
9-5777*3 
9.578104 

10.423424 

10.423042 

10.422659 

10.422277 

10.421 896 

10.028887 
10.02893  5 
10.028982 
10.029030 
1 0029078 

10.452311 

‘0.451976 

10.451642 

10.451307 

10.450973 

47 

4« 

39 

3° 

5' 
5 2 
5 3 

34 

55 

57 

58 

59 

oc 

9.549360 
9.549693 
9 550026 

9 550359 
9.550692 

9.970874I9.578480 
9.970826  9. ; 78867 
9-9707799-379*48 
9-97073  'j9S796*0 
9 970683  g 580000 

10  42 1 5 14 
10.421 133 
10.420752 
10.420371 
10.419991 

10.029126 

10.029174 

10.029221 

10.029269 

10.029317 

10.450640 
10  450307 
10.449974 
10  449641 
10.440408 

9-5  5 ,0J4 
9 551  356 
9. 55 1 687 
9.55201 8 
9-55*349 

9-970635:9-58°38g 
9. 97058619, 58076^ 
9.9705389.581 149 
9.9704909.581528 
9.97044*9.58190- 

10.41961 1 
10.419231 
10.3 1885 1 
10.41 8472 
10.418093 

10.029365110.448976 
10. 02941410. 448644 
10.029462  10.44831 3 
10.0295 10  10.447982 
10.029558  10.447651 

9.552680 
9.55301c 
9-55334' 
9 553(,70 
9.534000 
9 534329 

9-970394,9-58*286 
9.970345:9.582665 
9 970*9719.58304', 
9.9702499.583422 
9.970200G  583800 
9-970'  52(9.58417- 

12  417714  10.025606  10.447320 
12.417335  10029655  10.440990 
12.416957  10.029703  10  446659 
12  416578  10.029751  10.446330 
12  416200  10.029800  10.446000 
12.41 :8 >4  10.029848  10  4.4.5671 

Sine 

T angent 

Secant 

69  Degrees. 

Digitized  by  GoogI 
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21  Degrees. 


Tangent 


9.9696659. 
9.9696 1 6 9 
9,969567  9, 
9.9695189. 
9.0694699. 


9.96942019 
9 969370,9 
9,96932*19 
9,969272  9 
9.969223,9 


587941  10.412059 
588316  10.41 1684 
588691  10.41 1309 
589066  10.410934 
589440  10,410560 


589814  10  41018b 
590188110. 409812 
590562  10.409438 
59°935ji  0.409065 
591 308510.408692 


10.029848 

10.029897 

10.029945 

10.029994 

10.030043 


10.030091 

10.030140 

10.030189 

10.030238 

10.030286 


10.030335 

10.030384 

10.030433 

10.030482 

10.030521 


10.030580 

10.030630 

10.030679 

10.030728 

10.030777 


827 


68  Degrees. 


Tangents  and  Secants. 


21  Degrees. 


Tangent 


1 9-5672&9|9-9(‘8‘ 78[9  599°9i 
9.9681 289.599459 

9.9680789.599827 
9.56822219  968027:9.600194 
9. 967977I9. 600562 


60276 
60312 
603+9 
60385 
60 .«.  22 


Secant 


10.404603  10.031322  10.435925  30 
10.404232  10.031372  10.435604  29 
10.403862  10.03142210.43528428 
10  4°3492|10-03,472!1°.434964  27 
10-403122110.031521110  43464426 


10.402753  io  03157110.434324  25 
10.402384  10.031621  10.434005  24 
10.40201 5 10.03 167210.433686  23 
10.401646  10.03 1722  10  433368  22 
10.401278  10.03177210. 433049  *1 


IQ.031822^0. 432731  2C 
10. 031872,10.432413  19 
31922  10.432056  18 
31973110.43177?  17 
32023110.43 1461  16 


10.032073110.431145 
32124 

3 2 1 7 4 

32225 


0.032580 
o 032630 
32681! 

327321 
32783 
32834! 


Minutes 


( 482  ) A Table  of  Artificial  Sine?, 


22  Degrees. 

2 

3 

e 

S 

0 

■ 

2 

3 

_4 

5 

6 

7 

8 

9 

10 

1 1 

12 
1 3 
'4 

<5 

16 

•7 

18 

<9 

zo 

21 

22 

23 
z« 
2? 

26 

d 

28 

29 

3° 

Sine 

Tangent 

Secant 

60 

S9 

5* 

57 

5f> 

55 

54 

53 

52 

5J 

5° 

49 

48 

47 

46 

45 

44 

43 

42 

4' 

4C 

39 

3* 

37 

£ 

35 

34 

33 

32 

3' 

3° 

i. 

3 

S 

n 

o> 

9-573575 

9.573888 
9.574200 
9-5745 1 2 

9.574824 

0.067  166 
9.967  n 5 
9.967064 
9-967013 
9.966961 

9.606410 
9.606773 
9.607137 
9.607500 
9 607863 

10393590 

10.393227 

10.392863 

10.392500 

10.392137 

10.032834 
10.032885 
10.032936 
10.032987 
10  033039 

10.426425 
10.4261 12 
10  425800 
10.425488 
10.425176 

9-575  36 
9-575447 
9-57575* 
9 576068 
9.576379 

9.966910 

9.966859 

9.966807 

9.966756 

9.966705 

9.608225 
9.608588 
9.608950 
9.6093 1 2 
9.609674 

10.391775 

10.391412 

10.391050 

10.390688 

10.390326 

io  033090 
10.033141 
10.033193 
10.033244 
10.033295 

10.424864 
10.424553 
10.424242 
• 0.423932 
10.423621 

9.570689 

9.576999 

9577309 

9.57761 8 
9 577927 

9.966653 

9.966602 

9.966550 

9966499 

9.966447 

9.610036 
9.610397 
9.610759 
9.611120 
961 1480 

10.389964 
10.389603 
ro.389241 
10.388880 
10  388520 

10.033347 
10.033398 
10.033450 
10  033501 
1 0033553 

10.423311 
10.423001 
10  422691 
10.422382 
10  422073 

9.578236 
9-57*545 
9 57*8  54 
9.579162 
9.57946Q 

9.966395 
9.966344 
9.966292 
9.966240 
9.0661 88 

9.61 1841 
9.612201 
9.61 2561 
9 612521 
9 61 3281 

10.388159 

10.387799 

10.387439 

10.387079 

10.3867 19 

10.033605 
10.033656 
10.033708 
10  033760 
10.033812 

10.421764 
10.421455 
10.421 146 
10.420838 
10.42053  1 

9 579777 
9.580085 
9.580392 
9.580699 
9-58t  005 

9.9661  37)9.01 3641 
9.966085  9.614000 
9.966033  9 614359 
9. 965981I9. 614718 
0.9639289.61 5077 

10.386359 

10.386000 

10.385641 

40.385282 

10.384523 

10.033863 

10033915 

10.033567 

10.034019 

10.034072 

10.420223 
10.419915 
10  419608 
ic  4.19301 
10.418995 

9.581312 

9.581618 

9.581924 

9.582229 

9.582535 

9,382840 

9.9058769.615435 
9.9658249  615793 
9-96577219.616151 
9.9657209.616500 
9.965668^.61686  7 
9.96561  59.617224 

10.384565110.034124 
10.384207  10  034176 
10.383849  10.034228 
10.383491  ;io. 034280 
10  383133 10.034332 
10.382776  10.034385 

10  418688 
10.418382 
10.41 8076 

• 0.41777, 

• 0.417465 
•041716c 

j 

Sine 

, 1 

Tangent 

Secant 

Degrees. 


Digitized  by  Coogli 


Tangents  and  Secants. 


2 2 Degrees. 


( 483  ) 


5&iS!9 
5563:9 
55*  ' 9 


7224 

7582 

7939 

8295 

8652 


9-9t55  353|9,6i90°8 
7.96530!  9.619365 
7.965248^.619721 
9*965  *9)9. 62°°76 
7.965143)9.6204.32 


9.905090  9.6207S7 
9.965037  9.621 142 
9.9649849.621497 
9.964931 9.621852 
9.  964870-9. 622207 


45  9.587380  9. 96482O  9. 622561 
+0  9-58768*'  9.964773I9.622915 

47  9.58798-  9.9647199.623269 

48  9.588289  9.96466619.623623 

49  9.588590  9.96461  319,623976 


50  9. 58a «9o!'7.9‘- 4 560  9.624330 

51  9. 589190(9.9645079. 624683 

52  9.589489  9.9644549.625036 

53  9.589789  9.96440019.625388 

54  9.50008859.964347  <7.625741 


55  9-59°387;9-964*9+|9-626oyJ 

56  9,59o686’9. 964240  9.626445 

57  9-59°984  9 96H87  9.626797 

58  9.5912829.964133  9.627149 

59  9.5915809.9640809.627501 
609  591878  9. 964026  9. 627852 


10.417100  30 

6®5S!29 

655 1U8 


10.380992, 

10.380635 

10.380279' 

io-37992+! 

10.379^681 


1 °- 379  * 1 3 1 

10.3788581! 

10.378503 

10.378148, 

,0-3”7793 


lo-377439 

10.377085' 

(0.376731 

'0-376377; 

10.376024 


10.375070 

•o  3753*7. 
10.374964 
10.37461 2 
10.374259* 


10.373907 

*o-373?55' 

10.373203' 
1 0.3728  5 1 1 

10.372499 

10.372148; 


Tangent 


67  Degrees. 


0.034647:: 

0.034699 

0.034752, 

°-0  347°5| 

0.034857' 


0.034910’ 

0.034963 

0.035016; 

0.035069] 

0.0^121. 


0,035174] 
0.035227! 
0.03528 1 

°-°35  334] 
0.035387' 


,0.035440 
0.03  3493I 

°*°3  5 54^j 
0.035600] 
io.o2c6?3] 


; 0.03  5706 
10.035760 
10.03581 3! 
10.035867] 

10.035920 

I0.035Q-74I 


,10.415639  25 

1*0-4*5335  25 
10.415032  23 
110.414728  22 
'10.414426  21 


,10.414123 
110.413820 
110.413518 
10,4132 16 
110.412915 


10.41261 ^ 1 5 
110.412312  '4 
1 1 0 412012  '3 
1041171 1 1 2 
f 1 0.4 1 1410^* 


10.41 1 1 10 

ji  o 400810 
,10.4005 1 1 
10.40021 1 
] 1 0.4099 1 2 


j 10.4090 1 3 5 
10.409314  4 
'10.40,016  3 
(io. 408718  2 
‘10.408420  1 
1 10. 408122 


I Secant 


Digitized  by  Google 


( 484  ) A Table  of  Artificial  Sines, 


23  Degrees. 


s 

5’ 

e 

Ul 

C' 

1 

z 

3 

5 

6 

7 

8 

_9 

10 

1 1 

12 
*3 
14 

'5 

16 

17 

18 

1? 

zo 

21 

22 

23 

24 

25 

26 

27 

28 
29 
3C 

Sine 

Tangent 

, Secant 

60 

59 

58 

57 

S«- 

9.591878 

9.592175 

9-592473 

9.592770 

9.593067 

9.964026 
9.963972 
9.963919 
9.963865 
9.96381 1 

9.627852 

9.628203 

9628554 

9.628905 

9.629255 

10.372148 

io-37»797 

10.371446 

10.371095 

10.370745 

10.035974 
10.036028 
10.036081 
10  036135 
10.036189 

10.4081 22 
10.407825 

IO-4°7527 

10.407230 

10.406933 

9-S93363 

9.593659 

9-593955 

9.594251 

9-594547 

9-9637S7 

9.963704 

9.963650 

9.963596 

9.963542 

9.629606 

9.629956 

9.630306 

9.630656 

9.631005 

10.370394 

10.370044 

10.369694 

10.369344 

10.368995 

10.036243 

10.036296 

10.036350 

10,036404 

1.0.036458 

10.406637 

10.406341 

10.406045 

10.405749 

10.405453 

55 

54 

S3 

S2 

SJ 

Sc 

491 

46 

9.594842 

9-595  >37 
9-59S432 
9-595727 
9.59602 1 

9.963488 

9.963434 

9.963379 

9.963325 

9.963271 

9-63'354 

9.631704 

9.632053 

9.632401 

9.632750 

10.368646 
10.368296 
10.367947 
i°.  367599 
10.367250 

10.0365 1 2 
10.036566 
10.036621 
10.036675 
10,036729 

1 0.4051 58 
10.404863 
10.404568 
10.404273 
10.403979 

9.596315 

9.596609 

9.596903 

9.597196 

9.597490 

9,963217 

9.963162 

9.963108 

9.963054 

9.562999 

9.633098 

9-633447 

9-633795 

9.634143 

9.634490 

10.366902 

10.366553 

10.366205 

10.365857 

10.365510 

10.036783 

10,036838 

10.036S92 

10.036946 

10.037001 

10  403  685  J4  5 

IO-4°339«!44 
10.40309743 
10,402804142 
10.4025 104 1 

9-597783 

9.598075 

9.598368 

9.598660 

9-598952 

9.96294; 

9.962850 

9.962836 

9.962781 

9.962727 

9.634838 

9.635185 

9.635532 

9.635879 

9.636226 

10.365162 
10.3648 15 
10.364468 
10.364121 
10.363774 

10.037055 
10.0371 10 
10.037164 
10.037219 
10.037273 

10.402217 

10.401925 

10.401632 

10.401340 

10.401048 

40 

39 

3? 

37 

36 

35 

34 

33 

32 

3' 

< 

D 

C 

a 

CA 

9.599244 
9.599536 
9.599827 
9.6001 18 
9.600409 
9.600700 

9.962672 

9.962617 

9.962562 

9.962508 

9.962453 

9,962498 

9.636572 
9.63691  s 
9.637265 
9.63761 1 
9.637956 
9.638302 

10.363428 

10.363082 

10.362735 

10.362389 

10.362044 

'10.361698 

10.037328 

10.037383 

10.037438 

10.037492 

10.037547 

10.037602 

10.400756 

10.400464 

10.400173 

10.399882 

10.399591 

10.399300 

Secant 

Tangent 

Secant 

' 

66  Degrees. 


Digitized  by  Google 


Tangents  and  Secants. 


2 3 Degrees. 


( 485  ) 


9.601 860 


9.602149  9.9621 2319.640027 
9.602439  9.962067I9. 640371 


35  9.607892J9.96101 1 .9.64688 1 

56  9.6o8i76'9. 960955^. 647222 

57  9 608461  9.960899 9.647562 

58  9. 608745  9. 96084319. 647903 

59  9.609029  9. 960786J9.648243 

60  9.60931 3 9.960730^.684583 


10.359973 

10.359629’ 

•0.359*84' 

• 0.358940 
10.358596' 


10.358253 

• 0.357909 

• 0.357566; 
10.357223 
10.356880; 
10.35O537 

1 °-356,94 

• 0.355852; 

•0-35SS'° 

10.35^  R 68 


10.354826 
•0-354484; 
•0.354143 
I o. 3 5380 • [ 
10.353460 


IO-3S31  >9, 
• 0.352778 
10.352438 
10.352097 
«o-35*7S7 
•°-15 14*  7 


Tangent 


66  Degrees. 


I 1 3 


10.037877 
10.037933 
• 0.037988 
10.038043 
10.038098 


• 0.038154 
10.038209! 
10.038265; 
10.038320. 
•0.038376 

10,038431' 

•0.038487 

• 0.038542' 
10.038598; 

• 0.048654. 


10.038710; 
• 0.038765! 
10.038821! 
10.038877 
10.038933 


10.038989 

• 0.039045 
10.039101 

• 0.039*57 
10.039214 

• 0.039270 


•0.397851 

•0.397561 

10.397272 

10.396983 

10.396695 


• 0.396406  20 
10.3961 18  '9 

• 0.395810  18 
>0*395543 
»Q-:i9>*ln 
10.394968  *5 
10.394681  '4 

>0-394394  13 
10.394108  1 2 
10.39382 1 1 1 


10  393535 

• 0.393249 

• 0.392964 

• 0.392678 
10.392395 


io.392io8j  5 

• 0.391824  4 

,a39,539  3 
10.391255  2 

• 0.390971  1 
10.390687 

§ 

Secant  ° 


Digitized  by  Google 


Minutes 


A Table  of  Artificial  Sines, 


24  Degrees. 


Tangent 


Secant 


10.351417  10.039270 

10.35 ,077  IO-°3932fc 
10.350737  10.039382 

'0-35°398  10  °39439 
9.649942I10.350058  10.039495 


9,959023 


10.389271 


10.348026 

10.347688 

10.347350 

10.347012 

10.346674 


‘°-346337 

10.346000 

10.345663 

10.345326 

10.344989 


10.039834 

10.039891 

10.039948 

10.040005 

10,040062 


10.0401 18 
10,040175 
10.040232 
10.040289 
10.040347 


10.38814215 


10,38786051 
10.3875794 
10.3872984 
10.387017  4 
10.3867364 


38645 

38617 

38589 

«8c6i 


1 


Tangent 


Secant  c 


65  Degrees. 


Minutes 


Tangents  and  Secants. 

( 487  ) 

24  Degrees. 

9.6204889.958445 
9.6207639.958387 
9.62103819.958329 
9.621313J9  958271' 
9.621587,9. 958212' 


9.62186119.95815 
5809 
5803 
>797 
9792 


9.6232299,957863! 
9.6235029.957804 
9.6237749.957746 
9.624047  9 957687 
9. 6243199.957628 


9.624591  9.957570 

9 6*486319.957  5 1 1 

9.6251359.957452 

9.6254069.9573931 

9.6*5677)9.957335 

9.625948,9.957276 


9.662043 

9.662376 

9.662709 

9.663042 

9.663375 


9.665366 

9.665697 

9.666029 

9.666360 

9.666691 


9.667021 

9.667352 

9.667682 

9,668013 

9.668343 

9.668672 


65  Degrees. 


Digitized  by  Google 


Minutes 


( 488  ) 


A Table  of  Artificial  Sines 


25  Degrees. 


.6259489, 
.626219  9. 
.626490  9. 
.626760  9 
.627030  9 
.627300  9, 
1. 627570  9 
1.627840  9, 
1.628109  9 
1.628378  9, 


2864 

2891 

2918 

2945 


Tangent 


.957276  9.668672 
.957217  9,669002 
.9571589.669332 
.957099  9.669661 
.957040  9.669991 
.956981  9.670320 
()  56922  9.670649 
.956862  9.670977 
956803  9.67 1306 
.9567449.6716 


1.63 1059  9,956148  9.67491c 

f 6 3_i  3 2 6 9.956089  9-675237 
>.631593  9.956029  9.675 
(.631859  9-9S5969  9*^75 
(.632126  9-95  59°9  9-67621 
( 632392  9-95S849  9-67654 


1.632658,9-955789 

(.6329239-955729 

1.633  * 89  9>955 669 

1-633454  9-9556C9 
'•6337i9  9-9S5548 
■633984,9-955488 


64  Degrees. 


Tangents  and  Secants. 


( 489  ) 


2 

I'  Sine 


3° 

3' 

3* 

33 

34 

3>|9-63530(j 


25  Degrees. 


Tangen 


Secant 


5.639243 


10.304(394 


10.318260  10.0431  *7  * 0.3O3 377 
10.317937  10.045177  10.3631  M 
10.317614  10.045238  10,362852 
10.317290  10.045299  10.362589 
10.316967  10.045360)10.362327 


9.640544  9.953968  9.686577 
9 640804 9.953906  9.686898 
9.6410649  953843  9.687219 

9*64 1 3 2 3 9-9S3783  9*687540 
9.6415839.953722  9.687861 
9.641 842  9.9336609.688: 82 


10.315032  10.045726  10.360758 
10.314710  10. o 4 37 87]  1 0. 360497  9 
10314388  10.045848  10.360236  8 
10.314066  10. 04591CI10. 359976  7 
« 0 3 1 3744  lo-°4397lllo-3497i6 


°-3 


Tangen 


64  Degrees. 


( 490  ) A Table  of  Artificial  Sines, 

26  Degrees. 

2 

S' 

c 

r-r 

v> 

0 

1 

; 

4 

* 

_9 

10 

1 1 

12 
*3 

11 

•5 

16 

17 

18 

12 

20 

« 

22 

23 

24 

25 

26 

27 

28 

29 
3° 

Sine 

Tangent 

Secant 

60 

59 

S8 

57 

S6 

55 

54 

53 

52 

5* 

5° 

49 

48 

47 

46 

45 

44 

43 

42 

4* 

40 

39 

38 

37 

3„6 

35 

34 

3? 

32 

3* 

3° 

2 

S' 

c 

ft 

u> 

9.641842 

9.642101 

9.642360 

9.64261S 

9.642876 

g.95  3660 
9.953598 
9-953537 
9-953475 
9-95  34 1 3 

9.688182 

9,688502 

9.688823 

9.689143 

9.689463 

10.311818 
10.311498 
10.3 1 1 177 
10.310857 

10.310537 

10.046340 

10-046402 

10.046463 

10.046525 

10.046587 

10.358 1 58 
10.357899 

*0-357640 

*0,357382 

10.357124 

9 643 '35 
9.643393 
9 643650 
9.643908 
9.644165 

9-95  3 35  2 
9.953290 
9.953228 
9953166 
9.953104 

9.689783 

9.690103 

9.690423 

9.690742 

9.691062 

10.310217 
10.309897 
10  309577 
10309258 
10.308938 

10.046648 

10.046710 

10.046772 

10.046834 

10.046896 

10.356865 

10.356607 

10.356350 

10.356092 

10.355835 

9.644423 

O.64468O 

9.644937 

9.645193 

9.645450 

9.953042 

9.952980 

9.952917 

9.952855 

9.952793 

9,691381 

9.691700 

9.692019 

9.692338 

9.692657 

10.308619 

10.308300 

10.307981 

10.307662 

10.307343 

10.046958 

10.047020 

10.047083 

■4n! 

IO.O472O7 

*0-355577 

10.35532° 

10.355063 

10.354807 

10.354550 

9.645706 

9.645962 

9.646218 

9.646474 

9.646729 

9-95—73 1 
9.952669 
9.952606 
9.952544 
9,952481 

9692975 

9.693293 

9.693612 

9.69393° 

9.694248 

10.307025  10.047*69 
10.306707110.047331 
10.306388  10.047394 
10.306070  10.047456 
10.305752j10.0475 19 

10.354294 

10.354038 

10.353782 

*0.353526 

10.353271 

9.646984 

9.647239 

9.647495 

9.647749 

9.648004 

9-9524*9 

9.952356 

9.952294 

9.952231 

9.952168 

9.694566 

9.694883 

9.695201 

9.695518 

9.695836 

10.305434 
10.3051 17 
10.304799 
10.304482 
10.304164 

10.047581 

10.047644 

10.047706 

10.047765 

10.047832 

10.353016 
10.352761 
*0.353505 
10  352251 

10.351996 

9.648258 

9.648512 

9.648766 

9.649020 

9.649274 

9.649527 

9.952*05 
9.952043 
9,95  *9«o 
9.95*917 

995*854 

9.951791 

9.696*53 

9.696470 

9.696787 

9.697103 

9.697420 

9.697736 

10.303847 
*o  303530 
10.303213 
10.302897 
10.302580 
10. 502264 

10.047895 

10.047957 

10.048020 

10.048083 

10.048146 

10.048209 

10.351742 

10.351488 

10.351234 

10.350980 

10.350726 

10.330473 

Sine 

Tangent 

Secant 

6 3 Degrees. 


Digitized  by  Google 


Tangents  and  Secants. 


2 6 Degrees. 


309.649527 
},  9.649781 
329.650034 
33  9 650287 
349.650539 


35  9.650792 
36,9.651044 
379-65 « 297 
38,9.651549 
39  9.651800 


6520 

6523 

6525 


9.95 1 1 59  9.700893 
9.9510969-701208 
9-95 ,032  9-701 523 
9.950968  9-701  «37 
9 93090,-9.702152 


4519-653307  9.950841  9702466 
46  9.65 3558  9-95°/7®  9-7°27^0 
47!9-6> 3808  9-95°7>4  97°3°95 
489-654059  9. 95o65o9-7034°9 
4919.65430-3  9.930386  9-7°3723 
9-654558  9.950522 97°4°3'J 

9-6548089.9504589-70435° 

9-6550579.95039419.704663 
9.6553079.9503309.704977 
9-655556  9-9S°*66  9705290 


10.299107110. 
10.298792  10. 
10.298477I10 
10.298163  10 
10.29784810 


10.297534  10, 
10.29722c  10. 
10.296905  10. 
10.296591  10. 
10,296277  IO 
10.295964  10 
10.295650  10. 
10.295337  10, 
10.295023  10 
10.293710  10 


048841 

048904! 

048968 

049032J 

049095 


.049159 

049222; 

049286 

049350! 

°494ul 

049478- 

049542 

049606: 

°4967°| 

0497341 


10.347948 

10.347696 

10.347445 

1 °-347 1 94 
10.346943 


10.346693 

10.346442 

10.346192 

10.345941 

io.34;6gi 

10.345442 

lo-345  ‘92 
10.344943 
10.344693 
10.344444 


Tangent 


63  Degrees. 


( 492  ) A Table  of  Artificial  Sines, 


27  Degrees. 


g 

3* 

c 

g 

u> 

0 

1 

2 
3 

_4 

5 

6 

7 

8 

_9 

10 

1 1 

12 
'3 
1 4 

'5 
1 6 

>7 

18 

19 

20 
21 
22 

23 

24 

25 

26 

27 

28 

29 
3° 

Sine 

Tangent 

% 

Secant 

60 

;i 

57 

56 

55 

54 

53 

52 

5J 

50 

49 

48 

47 

4^ 

45 

44 

43 

42 

4' 

40 

39 

38 

37 

36 

9.657047 

9.657295 

9-6S7542 

9.65779° 

9.658037 

9.949**1  9-7071 66 
9 9498i6'9-7°7478 
9-9497S2;9-7°779° 
9.949688  9708102 

g.q4q623:9-7°^4,4 

10.292834 
10.292522 
10.2922 10 
10  291898 
10.291 586 

10.0501 19 
10.050184 
10.050248 
10.050312 
10.050377 

10.342953 
10.342705 
10.342458 
10.34221 0 
10.341963 

9.658284 

9.658531 

9.658778 

9.659025 

9.65927' 

9.949558 

9.949494 

9.949429 

9.949364 

9.949300 

9.708726 

9.709037 

9.709349 

9.709660 

9.709971 

10.291274 
10.290963 
10.29065 1 
10.290340 
10.290029 

10.050442 

10.050500 

10.050571 

10.050636 

10.(350700 

10.341716 

10.341469 

10.341222 

10.340975 

10.340729 

9.659517 

9.659763 

9.660009 

9.660255 

9.660500 

9 949*35 
9.94917° 
9.949105 
9.949040 
9948975 

9.710282 

9-7 1 °593 
9.710904 
9.711215 

9.711525 

10.289718 

10.289407 

10.289096 

10.288785 

10.28847; 

10.050765 

10.050830 

10.050895 

10.050960 

10.051025 

10.340433 

10.340237 

10  339991 

'0-339745 

10.339300 

9.660746 

9.660991 

9.661236 

9.661481 

9.661726 

9.948910 

9.948845 

9.948780 

9.948715 

9.948649 

9.71 1836 
9.712146 
9.712456 
9.712766 
9.713076 

10.288164 

10.287854 

10.287544 

10.287234 

10.286924 

10.05 1090 
10.05 1 *55 
10,051220 
10.051285 
10.051 1 

10.339254 

10.339009 

'0-338764 

10.338519 
.0  338274 

9 661970 
9.662214 
9.662459 
9.662703 
9.662946 

9.948584 

9.948519 

9-948453 

9.948388 

9-948323 

9.713386 

9.713696 

9.714005 

9-7*43*4 

9.714624 

10.286614 

10.286304 

10.285993 

10.285686 

10.285376 

10.05  '4'6 
10.05 1481 
10.051547 
10.051612 
10.031677 

10.338030 
10.337786 
•o  33754' 
‘0-337297 

10.337054 

9.663190 
9.66343  3 
9.663677 
9.663920 
9.664163 
9.664406 

9.948257 

9.948192 

9.948126 

9.948060 

9-947995 

9.947929 

9 7*4933 
9.715242 

9-7*555* 
9.715859 
9.7 161 68 
9-7 1 647  7 

10.285067I10.051743 
10.284758110.051808 
10.284449  10.051874 
10. 284141)10. 05 1940 
10. 283832^,0. 051005 
10.283523'  10.05 1071 

10.3  368 1 o|  3 5 
10.336567,34 
10.336323:33 
10.336080:32 
*0-335837  3» 
10-335594  30 

Sine 

Tangent 

Secant 

s 

3’ 

e 

0 

62  Degrees. 

Tangents  and  Secants.  ( 493  ) 

27  Degrees. 

Minutes 

Sine 

Tangent 

Secant 

H 

30  c 

3' 

32 

33 

34 

35] 

36I 

37 

38! 

V)\ 

4C. 

411 

42| 

43 

44 1 

>.664406 

1.664648 

1.664891 

>.663133 

5.665375 

I] 

9-716477, 

9-7*6785, 

9-7 '7093, 
9 7‘74°i| 
97j7/°9 
9.71S017 
9-7*8325 
9 718633 
9.718940 
9.7 19248 

i < | 

•j  ’ • ■ ■ 1 

• ' • ' r I 

E 

• ll 

10.05Z071 

10.052137 

10052203 

10.052269 

10.052235 

'0-335594  30 
•0  335352  29 
lo*335  *°9  *8 
*0.334867  27 
10.334625  26 

>665617 
>,665859 
>.666100 
9.666341 
9.66638  3 

9-947599 
9-947533 
9.947467 
9.947401 
9 947335 

10.28 1983  10.052401 
10.2816751 10.052467 
10.281367  10.052533 
10.281060  10.052599 
10.280752  10.052665 

IO.334383  2( 
10.33414*  24 

10.33390°  23 
10.333659  22 
IO.3334I7  21 

9. 66682.)  {9.747269 
9.667065  9.94720; 
9.66730519.947136 
9.6675469.94707c 
g 667786I9. 947004 

|| 

•O.333I76  20 
*0.332935  19 
IO.332695  l8 

10  332454  *7 
10  332214  16 

j 

ll 

j| 

10.27891 1 
10.278604 
10.278298 
10.277992 
10,277685 

10.053063I10.331974  15 
IO.0531  2yjl0. 33  1734  ,4 
IO.O53196I10.331494  ,3 
10.053262:10.331254  |2 
10.053329(10  3310I4  || 

5° 

5' 

»2 

53 

54 

53 

56 

57 

58 

59 

60 

1 

|| 

9.722621 

9.722927 

9.723232 

9.723538 

9.723844 

*0.277379 
10.277073 
10.276768 
10.276462 
IQ  276156 

i o.o$  3396’  10.3  3°7  7 5 10 
10.033462,10.330536  9 
io,05352q'io. 330297  8 
10. 053 596;  1 0. 330058  7 
10.053664110.329819  6 

0.670419  q. 04627c 
9.67o458‘9. 946201 
9.67089619.946 136 
9.67!  1349.946065 
9.6713729.946002 
9.67160919.945935 

9.724*49 

19.724454 

i9-7z475q 
9-7*5065 
9.725369 
9 725674 

IO.27585  1 
IO.275546 
10.275241 
IO.274Q35 
jio. 274631 
10.274326 

1 0 °5  373c 
*0-053797 
10.053864 
10.053931 
I'o.o5399s 
; 10.054065 

•10.329581  5 
110.329342  4 
40.329104  3 
jio. 328866  2 
,10.328628  1 
jio. 328391  0 

Sine 

Tangent’ 

2 

5* 

Secant  c 

0 

u» 

1 62  Degrees. 

Digitized  by  Googl 


( 494  ) 


A Table  of  Artificial  Sines, 


28  Degrees. 


2 

5'  Sine 

M 


109  673977  9. 

, , 9-67+2>3[9 

,29-6744489 

1 3 9-6746S4  9. 

14  9-6749i9;9 


9-675*55  9- 
9-67J39°9- 
9.6756259. 
9.6758599, 


945261 

945*93 

945*26 

945058 

944990 


944922 

944854 

,944786 

944718 

944650 


9.7287*6 

9.729020 

9-729323 

9.729626 

9.729929 


9-73c233 

9-730535 

9.730838 

9-73  * 1 4 1 


10. 272803  10. 
10.272499  10. 
10.272195  10. 
10.271891  10. 
10.271588  io. 


10.271284  10. 
10.270980  10. 
10.270677  10. 
10  270374  10. 
10.270071  10. 


10.2697671,0. 

10  269465!  ,0. 
io.269i62',o, 
10.268859  10. 
10  268 5 56] I o. 

10  268254IT0! 
10.267952  10. 
10.267649  10. 
10.267347  10. 
10.267045  10. 


°54739 
054807 
054874 
054942 
05  5010 


055078 

OS5H6 

055214 

055282 

°S535o 

055418 

053486 

°55S54 

055623 

035691 


*5  9-677498j9-94424* 


9.944*04 


7.6784309.9439679.734463 

678663  9.943898,9.734764 


2 

Secant  5' 


6 1 Degrees. 


Tangents  and  Secants. 

( 495  ) 

28  Degrees. 

Tangent 


3°  9 6780039  94J89a  97 3 4 764' 1 0.265  2 30 
3 * 9.678895  9-94J8309.735ofc6;io.a64934 
32.9-679*28 9 943761  9.735367  10.26+633 

33  9.67936c 9.943O93  9.73  jt,68lio.2643j2 

34  9 679392  9.943624!Q.73t9^siio,264032 


35.9.6798249.943555  9. 730269'! 0.263-73  1 

36  9.680056  9.943486.9.736570110.263430 

379.6802889.943417:9  73687 1 Ijo  263 1 29 
3», 9.6805 199.94334*9.737, 7,110.262829 
39  9.6807c-  9-94 3 2 79  9.7374711! 0.262^20 

4°  9.680982  9*943  * * °.9-73  777  * '10.262229! 
4‘  9.681213  9-943  H* '9-738071 ! 10.261929 
4*  9.68144  3 9.943°73j9.73837 1 0.261629 

43  9.68167.,  9.943003  9.73867 1 !io.26i 329 

44  9.68:90;  9. 942Q349.7 3 897 1 '10,261029 
♦5  9.682133 


10.05O102 

10.056170 

10.056259 

10.056307 

10.056376 

10.056445 

10.056514 

10.056583 

10.056652 

10056721 

10.056790 

10.056859 

10.056928 

10.056997 

10.057066 


lo-3*«  337:3° 
10.321 105  29 
10.320872128 
io.32o640|27 
10.320408 


( 49^  ) ' A Table  of  Artificial  Sines, 


29  Degrees. 

2 

5 

c 

r-+ 

CD 

u» 

0 

1 

2 
3 

_4 

5 

6 

7 

8 

9 

Sine 

Tangent 

Secant 

9.68557 1 
9.685799 
9.686027 
9.686254 
9.686482 

9.941819 

9*94*749 
9.94 1 679 
9-941609 
9-94*539 

9*7437  S z 
9.744050 
9.744348 
9.744645 
9*744943 

10.256248 

10.255950 

10.255652 

10.255355 

10.255057 

10.058181 
10.05825 1 
10.05832 1 
10.058391 
10.058461 

*0.3*4429 

10.314201 

'0.3*3973 

10.3*3746 

10.3135'8 

60 

59 

S8 

57 

56 

55 
54 
53 
5 2 
5* 

5° 

49 

48 

47 

46 

45 
44 
43 
4 2 
4' 
40 

39 

38 

37 

36 

35 

34 

33 

32 

3i 

30 

9.686709 

9.686936 

9.687163 

9.687389 

9.687616 

9.941468 

9.941398 

9.941328 

9-94' 258 

9.941187 

9.745240jl0.2  54760 

9.745538  io.254462 

9 74583S|*°-2S4*65 
9.746132110.253868 
9.746429110.253571 

10.058532 
10.058602 
10.058672 
10.058742 
10.05881 3 

10.313291 
10.313064 
10.312837 
■ 0.31261 1 
10.312384 

10 

1 1 

1 2 
*3 
L4 
1; 

16 

■7 

18 

*9 

20 

2 1 

22 

23 

24 

2 5 

26 

27 

28 

29 
3p 

9.687843 

9.688069 

9.688295 

9.688521 

9 688747 

9.94H17 

9.941046 

9>94°975 

9.940905 

9.940834 

9.746726 

9.747023 

9-7473*9 

9.747616 

9.7479*2 

10.253274 

10.252977 

10.252681 

10.252384 

10,252088 

10.058883 

10.058954 

10.059025 

*0.039095 

10.059166 

10.312157 
10,31 1931 
*0.311705 
*0.3**479 
10.311253 

9.688972 

9.689198 

9.689423 

9.689648 

9.689873 

9.940763 

9.940693 

9,940622 

9>94°55* 

9.940480 

9.748209jio  251791 
9.748505  10.251495 
9.748801110.251199 

9*749097i  * 0- z509°3 
9.74939  3(1 0.2  50607 

*0.059237 

10.059307 

*0.059378 

*0.059449 

10.059520 

10.31 1028 
10.310802 
10.3*0577 
10.310352 
>0.3101 27 

9 &90098 
9.690323 
9.690548 
9.690772 
9 690996 

9.940409 
9.940338 
9.940267 
9.940196 
9.9401 25 

9.749689 
9.749985 
9.75028 1 
9.750576 
9.750872 

10.250311 
10.25001 5 
10.249719 
10.249424 
10.249128 

10.059591 

10.059662 

10.059733 

10.059804 

10.05Q875 

10.309902 
1 0.309677 
*o. 309452 
10.309228 
10.309004 

9.691 220 
9.691444 
9.691668 
9.691892 
9.6921 1 5 
9.692339 

9.940053 

9.939982 

9-9399* 1 
9.939840 
9.939768 
9 039697 

9.75**67 

9.751462 

9-75*757 

9.752052 

9-7S2347 

9-75z642 

10.248833 
10  248538 
10.248243 
10.247948 
10.247653 
10.247358 

10.059947 

10.060018 

10.060089 

10.060160 

10.060232 

10.060503 

10.308780 

10.308556 

10.308332 

10.308108 

10.307885 

10.307661 

Sine 

Tangent 

Secant 

2 

5 

c 

to 

to 

60  Degrees. 

Tangents  and  Secants. 

C 497  ) 

29  Degrees. 

Tangent 


309. 692339*9  939697  9-7Sz642  t0-24735»  '0.060303  10.307661  3° 
3 1 19-692562  9.93961 59.75  2937:10.247063!  1 o.o6o375j|  0.307438.29 

32  9.692785  9.93935419.75323  i|io.246769j,o. 0604461 1 0.3072 1 5 2* 

33  9-693°<:99-9394Si2|9-7 53526  10.246474110.060518^0.306991  27 


34  9 6932  ? 1 9.9 3 ^41 0.9,7 9 3820  10.246180  10.060 ^90;  10. 3067^;^' 


>°!9-69&774|9  93y*5«j9-7585*7|>o  =4‘4«3  *0.061742 
S*j9. 696995  9.958185  9.758810,10.241 190  10.06181  5 
5 2 9.69721 5 9.9381 1 3 9.759102J10.24C89S  10.06: 887 
53'9-697435  9-938o4ol9.75939;  10.240605  10.06196c 
S4I9. 697654  9. 9?79^7,9-75968t,i  0.24031  2 10.062044 


55  9.697874  9.9 3789 5I9. 7 5 9979’ 10  24002 1 j 10.062105  10.3021 26 
9.6980949.937822  9. 760272-10  239728)10.062178  10.301906 
>7  9. 6983139. 937749i9.76o564iio.239436)io. 062251  10.32108^ 
S®  9. 6985329-93767619. 760806110.239144110.062324  10.30146 

599.698751  9.9376o3;9-76i  148  10.238852110.062397  10.301249 
9.698970  9-937  5 3 1 (9. 761439^10  2-48(561^10. 062460  10.301040 


Tangent 

o 


60  Degrees. 


K k 


Digitized  by  Google 


( 498  ) A Table  of  Artificial  Sines, 

30  Degrees. 

<» 

3" 

c 

f-. 

u 

1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

1 1 

12 
'3 
H 
•5 

i£) 

1 ? 
18 
«9 
20 

2 1 
22 
^3 
24 

J5 

26 

27 

28 

29 

Sine 

Tangent 

Secant 

6 c 

59 
58 
57 
5^> 
5 5 
54 
53 
52 
5J 

5° 

49 

48 

47 

46 

45 

44 

43 

42 

4' 

4C 

39 

3> 

37 

36 

35 

34 

33 

32 

3' 

< 

5 

c 

n 

v> 

9.698970 

9.699189 

9.699407 

9.699626 

9.699844 

9-937  S31 
9-9374S8 
9-9373«5 
9 9373* 2 
9.937238 

9.761439 
9.761731 
9 762023 
9.762314 
9.762606 

10.238501 
10. 238269 
10.237977 
10.237686 
10.237394 

10.062469 
10.062541 
10.062615 
10  062688 
10.062762 

10.301030 
10.30081 1 
10.300593 
10.300374 
10.300156 

9.700062 

9.700280 

9.700498 

9.700716 

9.700933 

9.937165 

9.937092 

9-937°>9 

9.936946 

9.936872 

9.762897 

9.763188 

9.763479 

9.763770 

9.764061 

10.237103 
10.23^812 
10.23652 1 
10.236230 

io.23,-939 

10.062835 

10.062908 

10.062981 

10,063054 

10.063128 

10.299938 

10.299720 

10.299502 

10.299284 

10.299067 

9.701131 
9.701368 
9.701585 
9 701802 
9.702019 

9.936799 

9.936725 

9.936652 

9.936578 

9936505 

9.764352 

9.764643 

9-764933 

9.765224 

9-7655  ’4 

10.235648  10.063201 

|o.235357!|o.o63275 

1 0.2  3 50671 10.063  348 
10.234776  10.063422 
10.734486  10,063495 

10.298849 
10.298632 
10.29841 5 
10.298198 
10.297981 

9.702236 

9.702452 

9.702669 

9.702885 

9.703101 

9.936431 

9 936357 
9.936283 
9.936210 
9.936136 

9.765805 

9.766095 

9.766385 

9.766675 

9.76596, 

10.234195 

lo-2339°5 

10.233615 

'o-233325 

,0-233°35 

10.063569 
10,063643 
1 0.0637  it 
10.063890 
10.063864 

10.297764 

10.297548 

10.297331 

10,297115 

10.296899 

9.703317 

97°3533 

9.703849 

9.703964 

9.704170 

9.936062 

9.935988 

9-9359 1 4 
9.935840 
9.935766 

9.767255 

9-767545 

9.767834 

9.768124 

9-768413 

10.232745 

10.252455 

10.232166 

10.231876 

10.231587 

10.0O393& 
1 0.06401 2 
10.064086 
10.064160 
10.064234 

10.296083 
10.296467 
10.296251 
10.296036 
10.29482 1 

9.704395 

9.704610 

9.704825 

9-7°5°4° 

9.705254 

9.705169 

9.935692 

9.935618 

9-935543 

9.935469 

9 935395 
9>93C32C 

9 768703 
9.768992 
9.769281 
9.769570 
9.769860 
9.770148 

10.231297 
10.23 1008 
10.230719 
10.230430 
10.230140 
■ 0.229832 

10.004308 

10.064382 

10.064457 

10.064531 

10.064605 

10.064680 

10.295605 
10.29539° 
■ 0.295175 
10.294960 
10.294746 
• 0.29453 1 

Secant 

Tangent 

Secant 

59  Degrees. 


/ 


Digitized  by  Go 


Tangents  and  Secants. 


( 49$  ) 


30  Degrees. 


lo  *943313-1 

,0-*943»7 

*9 

10.294103 

2H 

10.293888 

*7 

10. *93674 

2' 

10.293461 

2t 

10.293*47 

26 

>°-293°33 

2 

10.292820 

22 

10.292607 

l I 

10.292394 

2C 

10.292181 

'6 

10.291968 

if 

io.*9i755 

'7 

10.291 543 

it 

Sine 


Tar.gcnt 


Secant 


309  70540. 79.93 ,3*  9.770148  10.2290$  1 10.00468c 
3,i9-7o;683l9-93S*--6 9-77=437  10  229563  10.064754 
32  9.7058979  935171  9.770726  10.229274I10. 064829 
3 3 b. 7061 1 2 9 935097  9.-7 101 ; 10.228985  10.064903 
34I9  706326  9.933(722  9.771 303  10.228697  10.06497X 

3 S]9  7065399. 93294S9. 771392  10.228408  10.005052 
6 9.706753  9.934873  9.771880  10.2281  20  10.0651  27 
379  706967  9-934798  9 772168  io.2278;2|io.o65202 
}8  9.70718  9.9347239.772457  10.227543  10.065277 
?9!9-7°7393  9-‘i34''49’9  77*74?  10.227235I10.065331 


409.70760;  9.9345749.773033  10.2269O7I10.06542O 
41  9.70-8199.9344  997733*1  10  226679  10.065501 
Hb.70803 2 9,934424  9.773608  10.226392  10.065  576 

43,9-7o8*4>  9-934349 977389^,0-226,04  '0.065651 
44  9.7084 57  9.934  274  9.774  184  10, 225816  10.065726 


53'97i0364 

9710575 


9.7 1078'. 


45  9708670  9-934 1 99  97744 7 i|  10  225529  10.065801 
469.708882  9 934123  9774759  ,0- 225241)10. 065877 
7 9709094  9,934048  9. 775046  10.224954  10  065952 
48  9 709306 9,93397?  9775333  10  224667  10.066027 
49!9  709ti89. 933898  9.775621  10.224379  10.066102 


S°  9 7097309  9338229.775908  10. 224092I10.066178 
5' '9. 70004 1 9 -9J1 '47  9776193  10.22380;  10.066253 
5 2 97 1 01 5 3 9-93367  i'977648zlio.2235i8  10.066329 


10.291330  15 
10  291 118 
10.290906 
10.290694  12 
10.290482  1 1 

ic 

9 


9.93  3 396  9.776769'  10. 22323 1 j 1 0.066404! 
9. 93  3 5209. 7770  3 3-10.222945;  1 0.066480] 


9-933444  9-77734*  'o  222658  10.066556 


9 710997b.9333699.777628.10  22237 2!  1 0.066631 


3797,,*o89-933*93!97  779,5 
9-71  *4>9  9-9332,7;9-778zo,1 
9.711629  9-933 141 19778487:10.221 5 13110.066859] 
9.71 1839 9-933066 9.778774!  10  22 1 2 26;  1 0.066934 


10.222085,10.066707 

10.221799:10.066783 


Sine 


10.290270 

10.290059 

10.289847 

10.289636 

10.289425 


Tangent 


59  Degrees. 

K k 2 


10.289214I 

10.289003 

10.288792] 
10  z8g 5 8 1 
10  288371 
10.288 161 


Secant 


Digitized  by  Google 


| Minutes 


(•  5°°  ) 


A Table  of  Artificial  Sines, 


31  Degrees. 


25  9-7 1 7°S3  9-93 1 1 54 
269.717259  9*93 * °7 5 
279.717466  9,930998 
28  9.717672  9.930920 
299.717879  9 930843 
3019.718085  9.930766 


58  Degrees. 


Tangrnrs  and  Secants. 


( 5°«  ) 


3 1 Degrees. 


2: 


Sine 


Tangent 


3o|9-7  1 8°dS i9'93°763  9-7873*y 
3 1 (9-7  * 8 29 * .9-930688  9.787603 


1-3  2 

33 

34 


9.7  *8397  9.93061 1 9.787886 

9.718703 

9 7'89r9  9.9to+>6  9.788433 

35[97,9,,4|9-93°37a  9-788736] 
30  9.71932019.9303009  789019 
37I9.7 ^z,- [9.930223  9.789302 
38  9-7*973°  9-930*4S|9*78958S 

jql9-7  19  JKI9. 9 30007 19  789868 


40:9- 720»4o 


9.72034; 


[9.929989  9 7901 ; 1 
9.929911  9.790433 
9.72054919.929833  9 790716 

9 7*0754  9.929753  9-79°999 
9.7  209;  819.929^7719.791 28 1 


9.721 162  9. 92959  ;|9. 79 1 563 
9.721366 9.929521  9 791846 
47|9  7 21 5 7°  9 929442  9.792128 

48  9-72*774  9. 929364  9. 792410] 

49  9 72*978  9.92928619,792692 
5019.7221 8 1 19.929207I9.792974! 
51  9.7*238519.9291299.793256 
>2  9-7 225 8819.929050  9.7935  38 
53j9-72279l  19.928972  9-793819 
54,9.72299419.928891  9.794101 


55 :9-723  * 97[9-928  4 9-7943a3, 
56I9.723400  9.923736;9.794664] 

57  9 723603)9.928657)9.794945 
J58  9-723805  9.92857819.795227 
S9  9,724O07,9-928499  9.795508 
6o|9-7  *4*  * 09.9284.2019.793789 


Sine 


o 207026 
0-206744 
0.206462 
0.206181 
0.205899 


0.205617 
0.205336 
0.205055 
0.204773 
0.204492 
0.20421 1 

Tangent 


Secant 

10  212681 

10.069234 

10.28191 5 

3° 

10.212397 

10.06931 2 

10.281 709 

*5 

10.2121  14 

10.069389 

10.281503 

2 fi 

10  211830 

10.069467 

10.281 297 

27 

IO.2U547 

10.069344 

10,281091 

26 

10.21  I264 

10.069022 

10.280886 

*5 

10.2  IO98  i 

10.069700 

10.280680 

*4 

10.210668 

10.069777 

10.280475 

*3 

10.210415 

10.06085  5 

10.280270 

22 

10.2  !0I  32 

10.069933 

10.280065 

2 I 

10.209849 

10.07001 1 

10.279860 

20 

10.209567 

10.070089 

10.279655 

*9 

10.209284 

10  070167 

*0.27945. 

1 8 

10.20,001 

10.070245 

10,279246 

1 7 

10.208719 

10.070323 

I0.2  79?42 

16 

IO.206437 

10,070401 

10.278S3S 

‘5 

10.2381  54 

IO.C7O479 

10.278634 

*4 

IO.207872 

10.070558 

10.278430 

'3 

16.207590 

10.070636 

10.278226 

1 2 

IO.207308 

*0.070714 

10.278022 

0.070793 
0.070871 
0.070950 
0.071028 
0.071 107 


0.071 186 
0.071264 
0.0713^3! 
O.071422 
0.071501] 
0.071  580 


°-*778l9, 
0.27761;  9 

. 1 ■» I 8 

7 


0.277412 
0.277209 
02770061  O 


0.276803]  5 
0.276600] 
0-276397] 
0.276195! 

0.275993' 

0275-9  >! 
Secant  ! g 


58  Degrees. 


Digitized  by  Google 


/ 


( 502  ) A Table  of  Artificial  Sines, 

32  Degrees. 

2 

B 

c 

n 

to 

0 

1 

2 

3 

_4 

5 

6 

7 

8 

9 

Sine 

Tangent 

Secant 

60 

59 

S* 

57 

s_6 

55 
54 
53 
5 2 
5J 
50 

49 

48 

47 

46 

45 

44 

43 

42 

f 

40 
39 
38 
37 
3^ 
35 
34 
33 
32 
3 1 
30 

2 

9 

C 

S 

to 

9.724210 

9.724412 

9.724614 

9.724816 

9.725017 

9.928420 

9.928341 

9.928262 

9.928183 

9.928104 

9.795789 

9,796070 

9.796351 

9.796032 

9.796913 

10.20421 1 
10.203930 
10.203649 
10.203368 
10.203087 

10.071500 
10.071659 
10.07 1738 
10.671817 
10.071896 

10.275790 
10. 275588 
10.275386 
10,275184 
10.274983 

9 -72S2I9 
9.72542° 
9.725622 
9.725823 
9.726024 

9.928025 

9 9279+6 
9.927867 
9927787 
9.927708 

9.797194 

9-797474 

9-797755 

9.798036 

9.798316 

IO.  202tto6|  1 0.O7  1975 
IO.202526  IO.O72O54 
10  202245;I0.O72  133 

10  201964110.072213 
10.201684110.072292 

10.274781 

10.274580 

10.274378 

10.274177 

•°-273976 

10 

1 1 

12 

>3 

11 

•5 

16 

'7 

18 

'9 

9.726225 

9.726426 

9.726626 

9.726827 

9.727027 

9.927628 

9.927549 

9.927469 

9.92739° 

9.927310 

9,798596 
9.798877 
9-799 1 5 7 
9-799437 
9-7997 1 7 

10.201404110.072372 
10.201  123-10.07245  1 
1 0.20o843j  IO.O725  3 J 
IO.2OO5631 10.07  2610 
IO.2O0283  10.072690 

,0-273775 

10.273574 

10.273374 

10.273173 

10.272973 

9-7*7*7« 

9.727428 

9.727628 

9.727828 

9.728027 

9 9272  3 1 
9-927 1 S 1 

9.927071 
9.926991 
9,92691 1 

9 799997 
9.800277 
9.800557 
9.800836 
9.801 116 

IO.20COO3  10. 073769 
1C. 199723  10.072849 
io.i99443!io. 072929 
10.199164  10  073009 
1 0. 1 98884  1 0.07  3089 

10.272772 
10.272572 
10.272372 
10.272172 
io-27  1973 

20 

21 

22 

23 

9 728227 
9.728427 
9.728626 
9.728825 
9 729024 

9.926831 
9.926751 
9.926671 
9.926591 
9.92651 1 

9.801396 
9.801675 
9.801955 
9.802234 
9.8023 1 3 

10.198004  10.073169 
10.198325J10.073249 
10.198045J10.073329 
10.197766:10.073409 
10.197487:10.073489 

io.27i773 

,0-27,573 
10.271374 
10  271175 
10.270976 

z5|9-729223 

26  9.729422 

27  9.72962 1 
289.729816 
29'9-7300,8 
3o'q. 730216 

9.926431 
9.926351 
9,926270 
9.926190 
9.9261 10 
9.926029 

9.802792 
9.803072 
9.803351 
9.803630 
9.803908 
9.8041 87 

10.197208 
10  196928 
10.196649 
10.196370 
10.196092 
10.19^813 

10.073569 

10.073649 

,0-°7373° 
10.073810 
10.073890 
1 0.07-397 1 

10.270777 

10.270578 

10.270379 

10.270184 

10.269982 

10.269784 

Sine 

• 

Tangent 

Secant 

57  Degrees. 

Digitized  by  Google 


Tangents  and  Secants. 

( 50?  ) 

32  Degrees. 

Tangent 


+09.73*193  9.91  j22z[9  80O971 

4‘  9-73239n  9-9*5 !9-8o7249 

42  9.732587  9.92506019.80752- 

43  9 7327849-924979;9-s°'8o; 

44  9.732980  9.924897  9. 808083 


3 4* S 7(9.92440919  809748 
34353 
34548 
744 


IO  I93OZ9 
IO.  I9275  I 
10.1^2473 
I0.192l£y5 
IO.  IQ*0I7 


IO  I91639 
10. 191362 
IO.I9I084 
10.190807 
I o.  ! QO> 20 


90252 

89975 

89*98 
894  20 
89  f 43 


10.074778 10. 
10.074859  10. 
IO  074940  I O. 
10.075021  10, 
10.013103  10. 


10,075184  10. 
10.075265110. 
10.075347  10. 
10.075428,10. 
1 0.01  3 3^0  ,0- 


267807 

267610 

267413 

267216 

261020 


266823  1 3 
266627  1 4 
266431  13 
266235  j I 2 
266^39'  1 1 


>5  9-735134l9.924001j9.81 1 134  10.188860 
55  9-735 33°jQ-92  39  1 9|9 .81 1410  10.188390 

57  9 7355z5j9  923837|9-8i  1687  10.18831 3 

5 8 9-7357  *9  9.9237 55 j9- 8 1 1964  10.188036, 

59  9-73  59'4l9-92367 319.812241  10.187759 
9 73^°°9|9  92  3 591  !q.8i 23  1 7 io.i8--483 


io. •07599vjic. 

10.0760,81  ic. 
10. 076163'  10. 
io.076243(io. 
10.0763  77  10. 
|0.0'6)40-3  10 


204860,  c 

264670I  4 
264475;  3 
264281!  21 
264086  1 . 

267891!  r 


Digitized  by  Google 


( 50+  ) A Table  of  Artificial  Sines, 


33  Degrees. 


1 s* 

1 5' 

1 c 
1 rt 
ft 

t/» 

Sine 

Tangent 

- 

Secant 

60 

59 

58 

57 

55 

5-1 

53 

52 

5.' 

5° 

49 

48 

47 

46 

45 

44 

43 

42 

4' 

4° 

39 

38 

37 

3fc 

35 

34 

33 

32 

3' 

3£ 

5 

5 

c 

ft 

v> 

0 

1 

2 
3 

_4 

5 

6 

7 

8 

9 

9.736109 

9-73^3°3 

9.73649S 

9.736692 

9.736886 

9.923591 

9.923509 

9-923427 

9-923345 

9.923263 

9.812517 
9.812794 
9 813070 
9.813347 
9.8 1 3623 

10.1 87483 
10.187206 
10.186930 
10.186653 
10. 1 86377 

10.076409 
10.07649* 
10.076573 
10  07665 
10.076737 

1 0.26^,891 
10.263697 
10.263502 
10.263308 
10.2631 14 

9.73708c 

9737274 

9-7i7467 

9.737661 

9-737835 

9.923 180 
9.923098 
9.923016 
9.922933 
9.922851 

9.813899 

9-8*4*75 
9.814452 
9.814728 
9.8 1 5004 

10.186101 
10.185825 
10. 1 85548 
10.185272 
10.184996 

10.07682c 

10.076902 

10.076984 

10,077067 

IO.077149 

10.2O2920 

10.262726 

10.262533 

10.262339 

10.262145 

to 
1 1 
12 
'3 
«4 

!5 

16 

• 7 
IS 

[9 

9.738048 
9.738241 
9-738434 
9 738627 
9.738820 

9.922768 

9.922686 

9.922603 

9.922520 

9922438 

9.815279 
9.815555 
9.81 5831 
9.816107 
9.816382 

10.184721 

10.184445 

10.184169 

10.183893 

10.183618 

10.077232 

10.077314 

10.077397 

10.07748c 

10,077562 

10.261952 
10.261759 
10.261 566 
10.261 373 
10.261 1 80 

9-739°*  3 

9-7  39*°5 
9.739398 

9-73959° 

9.739782 

9-922355 

9.922272 
9.922189 
9.922106 
9. <522023 

9.816658 

9.816933 

9.817209 

9.817483 

7.817759 

10.183342 
10.1 83067 
10.182791 
10.182516 
10. 182241 

10.077645 
10,077728 
10.07781 1 
10.077894 
10.077977 

10  260987 
10.260795 
10-260602 
10,260410 
10.260217 

20 

21 

22 

23 

24 

25 

26 

27 

28 

29 

30 

9-739975 

9.740167 

9.740359 

9.740550 

9.740742 

9.921940 

9.921857 

9.921774 

9.921691 

9.921607 

9.818035 
9.818310 
9.  S 1 8 5 8 5 
5.818860 
9.819*35 

10.181695 

10.181690 

10.181415 

10.181140 

10.180865 

10.078060 
10.078143 
ic. 078226 
10.078309 
10.078393 

10.200025 

10.255833 

10.259641 

10.259450 

10259258 

9.740934 

9.74H25 

9.741316 

9.741507 

9.741699 

0.741889 

9.921524 

9.921441 

9.921357 

9.921274 
9.921 190 

Q.92I  107 

9.819410 

9.819684 

9.819959 

9.820234 

9.820508 

9.820783 

10.1 80590 
10.180316 
io- 180041 
10.179766 
10.179492 
10.179217 

10.078476 

10.078559 

10.078643 

10.078726 

10.078810 

10.078893 

10.258066 
K5. 258875 
IO.258684 

10  258493 

IO.2383OI 
IO.2581  I 1 

Secant 

Tangent 

Secant 

56  Degrees. 

Tangents  and  Secants. 


C 505  ) 


33  Degrees. 


Si 

g j Sine 

c ; 

Tangent 

30 

3' 

J2 

33 

34 

35 

36 

37 
3« 
39 
V- 
4' 
+ 2 
43 
+ 4 

9.741889 

9.74208c 

y-"4227‘ 

9-742462 

0.742652 

9.921 107 
9 921025 
9.920939 
9.920855 
9.920772 

9.820783 
9.821057 
9.821332 
9821 606 
9.821880 

10.179217 
10.178943 
10. 1 78668 

10  178394 
10.178120 

10.078893 

*0,078977 

10.079061 

10.079145 

10.079228 

10  25811 1 
10.257920 
,0-z57729 
*°-25753« 
10.257348 

9.742842 

9.743033 

9.743223 

9-7434 1 3 
9.743602 

9.920688 

9.920604 

^•920520 

9.920436 

9.920352 

9.822154 

9.822429 

9.822703 

9.822977 

9.823250 

10.177846 
>o.  *7757 1 
10.177297 
10.177023 
10.176750 

10.07931 2 
*0.079396 
10.079480 
10.079564 
10.079648 

10.257158 
10  256967 
10.256777 
10.256587 
10.236398 

9-743792 

9-74398» 

9-744*7' 

9.744361 

9-74455° 

9.920268 
9.920184 
9.920099 
9.920015 
9 9*993' 

9.823524 
9.823798 
9.824072 
9.824345 
; 824619 

10.176476 

10.176202 

10.175928 

10.175655 

10.175381 

10.079732  1 0.25  0208 

10.079816,10.256018 
10  079901  ji  0.25 5 829 
10.079985U0. 255639 
10.080069(10  25545c 

||| 

9.919846 

9-9*9762 

9.919677 

9-9*9593 

9.919508 

9.824893 
9.825 166 
9.-825439 
9.825713 
9.825986 

10.1 75 107 
10.174834 
10.174561 
10.174287 
10,174014 

10.080154 

10.0S0238 

10.080323 

10.080407 

10.080492 

10.255261 

10.255072 

10.254883 

10.234694 

10.254506 

50 

S' 

52 

53 

54 

5 3 

56 

57 

58 
39 
60 

9.74568, 

9-745*7' 

9.746059 

9.746248 

9.746426 

9.919424 

9.919339 

9.919254 

9.919169 

9.919084 

9.826259 

9.826532 

9.826805 

9.827078 

9.827341 

10.173741  10.080576 
io.173468|io. 080661 
10.173195110,080746 
10.172922  10.080831 
10.172649I10. 080916 

1 °-z  5 4 3 * 7 
10.254129 
*0.253941 

*°-2537S2 

10.253464 

9.746624 

9-7468ii 

9.74699.; 

9.747187 

9-747374 

9.747s62 

1 

jj!  1 • r 

r 

TWl  ' tv 

•W*  • • •x>T? 
«fP  t » 
w I • pT 

1 lv 

* '■  • Tf 

1 °-2S  3 37° 
10.253189 
10.253001 
10.252813 

10.252616 

10.242438 

Sine 

Tangent 

Secant 

3° 

29 

28 

27 

26 

zr 

2A 

23 

22 

21 

20 

■9 

! 8 

'7 

16 

'5 
'4 
•3 
12 
1 1 
10 

9 1 
8 

7 

J, 

S 

4 

3 

2 

l 

o 


3 

C 

3i 


56  Degrees. 


Digitized  by  Google 


( 5°6  ) 


A Tabic  of  Artificial  Sines, 


34  Degrees. 


Sine 


o|9  747562 
9-747749 
9 747936|9 
9.748123 
9.748310I 


3 

61 

7\ 

5 

4 

io| 

1 1 
12 
‘3 
l4 

1 

16 

•7 

16 

•9 

to\ 

2 1 

22 
23| 
24 

2 

-6| 

27 


9-7494*9 
9.749615 
I9.749801 
|9-7499®  7 
9 7 5 0 1 7 * 


29' 

301 


9.748497 
9.748683 
9.748870 
9 749C-56 
'9-749H2 


5|9-75°3S8|9 

9-7j°S43 
9 75°729 
9-7S°9'4 

9.751099 


9 751284! 

9.75146919 

9.751654 

9.751838 

9.752025 


5 9-752207  9 
9.752392 

,,9-7S2S76 
8I9.752760 
9.752944 
9-753«* 


9-9i8574 
9.918489I9 

9'f  r 

9.9183  iS|9 
9.918233 


[9.8289871 
.8  29  260] 
.829532 
829805 
9 830077 


9.918147 

9.918062 

9.917976I 

9.917891 

9.917805 


9.91771 
9-9* 

9 9*75481 
9 9 1 
9.917376I9 


176349 


917290 

9.917204 


9917032 


Tangent 


9.830349! 
9,830621 
9.830893 
I9.83 1 1 65 
l9-«3  *437 


919.831709; 
.831981 
9.832253 
.832525 
832796 


9.833068 

UllJSS 


9.9I7I  I89.83361  1 


9 833882 


9^169459.834154 


9.9168599.834425 

) 9,6773|9-®34696 
9.9166879  834967 
9.9166009.835238 
9.9 165 14I9. 83  5509 


.9164279.835780 
9.916341  9 836051 

9.9162549.836322 
9.9161679.836593 
9.916080)9.836864 
819-9*  599419-8^7*34 


Sine 


1 7 1 °43 
170740) 
170468] 

*7°*95 

169923 


169651 

169379I 

169107 

168835 

168563 


168291 

168019I 

167747 

*67475, 

167204 


166932 

166661 

166389 

166118 

i6c846! 


Secant 


*65575 
165303 
165033 
164762 
■6449 1 


164220, 

•63949 

16367^1 

163407 

163136 

162866 


0.081426 
0.08151 1 
0.081596 
0.081682 
0.081767 


0.0818J31 

0.081938 

0.082024] 

0.082109 

0.082195 


10.252438] 
10.252251 
10  252004 
10.25 1877 
10.251690 


0.082281 

0.082366] 

0.082452! 

0.082538! 

.0082624] 


!0. 251503 

10.2SI3I7 

10.25 ' 1 3° 

'V5°944S 

1 o.  z 507  5 8 5 


10.250571 
10.250385 
10.250199] 
10.250013 
10  249828 


0.082710  10.249642 
0.082796  10.249457 
0.082882  10.249271 
0.082968  10.249086] 
0.08305  5 10.248901 


0.083141 
0.083227 
0.083313 
0. 083400110 
0.083486  10 


24871(5] 

,24853* 

248346 

248162 

247977 


o.°83573;io. 
o 083659  10. 
0.08374610. 
0.08383310. 
0.083920  10 
0.084006  10. 


*477^3 

247608 

247424 

247240] 

247056 

246872 


Tangent 


Secant 


60 

59 

58 

57 

S& 


33 

54 

53 

2 


5° 

49 

48 

47 

46 

45 
44 
43 
42 
4 • 
4° 
39 
38 
37 
3& 
3? 
34 
33 
32 

3' 

3° 


55  Degrees. 


Digitized  by  CjOOglc 


Tangents  and  Secants. 

( 507  ) 

34  Degrees. 

Tangent 


}c\)  753*28  9.91 5994.9.837134 
v-7533 * 2 9-9* 59°7  9-8374°5 
^•753495  9-9*  5 8 2o,9-8 37^75 
P-753679  9-9' 5733  9-837946 
7-75  3862  9.91  5646  9.838216 


9 754°46  V-9»  5 5 5 9,9- 8 3 8+8 7 
9-7542z9  9-9*  5'»72|9*838757 
9-75441 2 9-9' 538S i9-839°27 
V-75459^19-9*  5z979-839297 
9 73477819-91  5210  9.839508 


10.1O2I166  10.084006  10.246872 
10.162595  10.084093  10.246688 
10.162325  10.084180  10.246505 
ic.  162054  10.084267  10.246321 
10.161784  10.084354  10.2461  38 


43  9-75587z.9-9'4635|9-8  + ' *87 

46  9-756°j'4  9-9I 43989-8*1 457 

47  9 756z36  9-9*45  »o  9.841726 
+8  9-756418  9.914422  9.84199ft 
49!9.7566oo|g. 914334  9 842266 


509-756781  9,91424619.842535 
51  9.756963I9.9141 58  9.842805 
32  9*75 7 * 44j9*9 1 4070  9- 84 3®7 4 

53  9 7573z6;9-9« 39Sz|9-843343 

54  9-757?07  9-9' 389419.843612 


55  9-75768819^13806  9.843882 
569-7578699.9137189. 844151 
37  9-7580499  9136309.844420 
589-7582309.91354,  9,844689 

9-75 84 1 1 19  9' 345 3 9-844958 

9. 75859119.9H364  9.845227 


10. 160162  10.084877 
10.159892  10.084965 
10.159622  10.085052 
10.159353  10.085140 
10.1 59085  10.085227 


10.W58813  10.085315 
10.158543  10.085402 
1 0.1 58274  10.085490 
10. 158004  10.085578 
10.1 57734  10.085666 


1 0.1 57465  10.085754  10.243219  ic 
10.157195  10.085842  10.243037  5 
10.15692610.08593010.242856  8 
10.156657  10.080018  10.242674  7 
1 01 56388  io.oS6io6  10.242493 


55  Degrees. 


( 508  ) A Table  of  Artificial  Sines, 


35  Degrees. 


2 

5' 

c 

f. 

ft 

V, 

0 

1 

2 
3 

_4 

5 

6 

7 

8 

_? 

IO 

.i 

12 

>3 

‘5 

16 

•7 

1 8 

[9 

20 

it 

22 

Z3 

z4 

z5 

26 

z7 

28 

29 
3° 

t 

J 

Sine 

Tangent 

Secant 

9.75859! 
9.758772 
9.758952 
9-759 1 32 
9-7593* 2 

9.913364 

9.913276 

9.913187 

9.913099 

9-9'30,° 

9.845227 
9.845496 
9.845764 
9.846033 
9 846302 

10.154773 

10.154504 

10.154236 

i0-1 53967 
10.153698 

10.086636 

10.086724 

10.086813 

10.086901 

10.086990 

10.241409 
10.241 zz^ 
10  241048 
10.240808 
10.240688 

60 

59 

58 

57 

S6 

55 

54 

53 

Sz 

SJ 

5° 

49 

48 

47 

46 

45 

44 

43 

42 

4> 

40 

39 

38 

37 

36 

35 

34 

33 

3* 

3' 

30 

s 

3 

C 

*-» 

n 

M 

9.759492 
9.759672 
9.75985! 
9 760031 
9.76021 1 

9.912921 

9.912833 

9.912744 

9.912655 

9.912566 

9.846570 

9,846839 

9.847107 

9.847376 

9.847644 

10.153430 
10.153161 
10.152893 
10.152624 
10.1 52356 

10.087079 

10.087167 

10.087256 

10.087345 

10.087434 

10.240508 

10.240328 

10.240149 

10.239969 

10.239780 

9,760390 
9.750569 
9.760748 
9.760927 
9 761 106 

9-9I2477 
9.912388 
9.912299 
9.912210 
9.9121 21 

9-8479*3 

9.848181 

9.848449 

9.848717 

9.848985 

10.152087 
10.151819 
10.151551 
10.151283 
10. 151015 

10.087523 
10.087612 
10.087701 
10.087790 
1. 00878*9 

10.239610 
*0.239431 
10.239252 
10.239073 
10  238894 

9.761285 

9.761464 

9.761642 

9.761821 

9.761999 

9.912031 

9.911942 

9-9**853 

9.911763 

9.911674 

9.849254 

9.849522 

9.84979c 

9.850057 

9.850325 

¥>■  >50746 
10.150478 
10.150210 
10.149943 
!0. 149675 

10.087969 

10.088058 

10.088147 

10.088237 

10.088326 

10.238715 

10.238536 

10.238358 

10.238179 

10.238001 

9.762177 

9.762356 

9.762534 

9.762712 

9.762889 

9.911584 
9.9M495 
9.911405 
9.9H315 
9.91 1226 

9.850595 
9.850861 
9 851128 
9.851396 
9.851664 

IO.I49407 

IO.I49139 

10,148872 
IO.I48604 
10. 1 48336 

10.088416 

10.088505 

10.088595 

10.088685 

10.088774 

10.237823 
10.237644 
lo  237466 
10.237288 
10.2371 1 1 

9.763067 

9.763245 

9.763422 

9.763600 

9.763777 

9-76395i4 

9.91 1 136 
9.911046 
9.910956 
9.910866 
9.910776 
9.910686 

9-85*93  • 
9 852199 
9.852466 
9-852733- 
9.853001 
9,853268 

10.148069 

10.147801 

*o.*47534 

ro.147267 

10146999' 

10.146732 

10.088864110.236933 
10  088954I10.236755 
10.089044 10.236578 
10.089134110.236400 
10.089224  10  236223 
10.0893 14b  0.2  3 6046 

Sine 

Tangent 

Secant 

i 


54  Degrees. 


» 


I 


Digitized  by  Google 


Tangents  and  Secants. 

( 5°9  ) 

35  Degrees. 

Secant 

1 jiS*  g 5 2 

10.236049 

10.235869 

10.235692 

10.235515 

10.235338 

10.090218 
10.090309 
10.090399 
1 1 0.090490 
1 0.0905  Si 

10.234280 

10.234104 

10,233929 

'Q.233753 

10.23357- 

10.090672 

10.090763 

10.090854 

10.090945 

10.091036 

10.233402 

10.233226 

10.233051 

10.232876 

10.232700 

110.091 127 
10.091219 
10.091310 
1 10.091401 

[10.091493 

10.232525 
10.23235 1 
10.232176 
10.232001 
10.231827 

‘10.091584 

[10.091676 

10.091767 

'10.091859 

10.091951 

10.002042 

10,231652 
10.231478 
10.231303 
io. 23 1 1 29 
10.230955 
1 0.23078 1 

Secant 

o 9 7^3954  9-<)io6ti6  9*853268 

31  9-764'3,  9-9,0596l9-853S?S 

32  9.76430819.9103069.833802 

33  9-764+8S  9-9>°4,s|9-8S4o69 

34  9-7^4662 9.910323  9^854336 

35  9-7^4838 9-9,023S  9-8S46°3 

36  9.7650139.910144  9.854870 
9.765191  9.9100549.853137 
9.7653679.9099639.855404 
9-76<:544  9.90987319.855671 

9.855938 


37 

38 
39; 

Rc 

4« 

4* 

43 

44 

h 

46 

1+7 

(48 

It?, 

>° 

S« 

52 

53 

H 

56 

>7 

>8 

59 

60 


Sine 


Tangent 


10.146732 

10.146465 

10.146198 

,c- * 4593 1 
10.145664 


9.765720)9.909782 
9.7658969.909691 
9.766071  9.909601 
9.766247  9 90951019.856737 
9.76642319.90941919.857034 


9.856204 

9.856471 


9.7665989.90932819.85727!: 
9.7667749.909237:9.857537 
9 7669499.909146  9.857803 
9.7671249.9090559.858069 
9.7673009. 908964*9  858336 


9-767475  9,90887319.858602 
9.767649  9.9087  8 1 19-8  5 SS68 
9.7678249.908690  9.859134 
9.7679999.908599  9.859400 
4 9.768173  9. 908507  9. 859666 


9.7683489.908416,9.859932 
9.7685229.9083259.860198 
9.768697  9.9082  3 3!9. 860464 
9.76887 1 990814 1 [9,860730 
9.769045  99o8o49'9. 860995 
I9.7692 19990793 8 9.861261 


Sine 


10.145397 
10.145130; 
10.144863 
10. 1 44596 
10.144329 


10.14406 
10.143796 
10.143529 
10.14; 
10.142996 


10.142463 

10.142197 

10.141931 


10.141398 
10.141  '32 


10.139802 


10.139005 
10.1 38729' 

Tange 


3°| 

29 

28 

27 

26 

2S 

24 

23 

22 

21 

20 

‘9 

18 

*7, 

16 

'5 

«4| 

•3 

12 

11 

10 

§1 

7 

t 

5 

41 

3 

2, 

1 

c 


II 
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( 510  ) A Table  of  Artificial  Sines, 


36  Degrees. 


g 

3" 

c 

n 

v> 

0 

1 

Z 

3 

_4 

5 
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7 

8 

9 

10 

1 1 

1 2 
'3 
M 

'5 

16 

'7 

18 

i? 

zo 

21 

22 

23 

24 

*5 

26 

27 

28 

29 
3° 

Sine 

Tangent 

Secant 

6c 

59 

58 

57 

5^ 

55 

54 

53 

5* 

i* 

5° 

49 

48 

47 

46 

45 

44 

43 

4* 

4* 

9.769219 

9.76939Z 

9.769566 

9.769740 

9.7699*2 

9.907958 
9 907866 

9-907774 

9.907682 

9.907590 

9.861261 

9.861527 

9.861792 

9.862058 

9.862323 

10.138739 
10.138473 
10.1 38208 
10.137942 
10.137677 

10.092042 

10.092134 

10.092226 

10.092318 

10.092410 

10.2307S1 

10.230608 

10.230434 

10.230260 

10.230088 

9.770087 

9.77026c 

9-770433 

9.770606 

9-770779 

9 907498 
9.907406 
9.907314 
9.907222 
9.907129 

9.862589 
9.862854 
9.8631 19 
9.863385 
9.863050 

10.13741 1 
10.137146 
to.  1 3688 1 
10.13661 5 
10.136350 

10.092502 
10.092594 
10.09268c 
10.092778 
10.09287  1 

10.229913 
10.229740 
10  229567 
10.229394 
10.229221 

9.770952 
9.771125 
9-77 1 298 
9.771470 
9.77.643 

9.907037 
9.906945 
9.906852 
9.906760 
9 906667 

9.86391 5 
9.864180 
9.864445 
9.864711 
9.864975 

IO.I36085 

IO.MC82O 

10.135555 

10.135289 

10.135025 

10.092903 
10.093055 
10.093 148 
1 0.093  240 
10.093333 

10.229048 
10.228875 
10.228702 
10.22853c 
10.2283  57 

9.771815 

9.77*987 

9.772159 

9.772331 

9.772503 

9.906574 

9.906482 

9.906389 

9.906296 

9.906204 

9.865240 

9.865505 

9.865770 

9.866035 

9.866300 

10.134760 

10.134495 

10.134230 

10.133965 

10.133700 

10.09342b 
10.093518 
10.09361 1 
10.093704 
10.09379b 

10.228185 
10.22801 3 
10.227841 
10.227669 
«o  227497 

9 772675 
9-772847 
9.773018 
9.773190 
9.773361 

9.9061 1 1 
9.906018 
9-905925 
9-9058** 
9.905739 

9.866564 

9.866829 

9.867094 

9.867358 

9.687623 

10  133436 
10.133171 
10.132906 
10.132642 
10.132377 

10.093889 

10.093982 

10.094075 

10.094168 

10.094261 

10.227325 
10.2271 53 
10  226982 
10.226810 
10.226639 

40 

39 

38 

37 

36 

35 

34 

33 

3* 

3* 

30 

1 

3 

e 

r> 

*0 

9-773533 
97  73704 
9 773875 
9.774046 
9.774217 
9.774388 

9.905645 

9.905552 

9.905459 

9.905366 

9.905272 

9.905179 

9.867887 

9.868152 

9.868416 

9.868680 

9.868945 

9.869209 

10.1321 13 
10.131848 
10.13 1584 
10.131320 
10.131055 
10.130791 

10.0943  5 51' °-2204°7 
10.09444S  *0.226296 
io.09454i|10  “6125 
10.094634  *0.225954 
10.094728  10.225783 

1 0.094  82 1'*°- 22  56*2 

Sine 

Tangent 

Secant 

53  Degrees. 
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S 

5 

c 

0 

J£_ 

30 

3 1 

32 

33 
3 + 

Sine 

Tangent 

Secant 

; ^ 

?J 

■ ; 

• 

? 

9.784447 

9.784612 

9.784776 

9.784941 

9.785105 

9.899467 

9.899370 

9.899273 

9.899176 

9.899078 

9 884980 
9.885242 
9.885503 
9.885765 
9.886026 

10.1 15020I10.100533 
io.i  1475810.100630 
10. 1 14497!  10. 100727 
10  H4235I10. 100824 
10.113974  10.100922 

10  215553 
10.215388 
10.215224 
10.215059 
10.214895 

35  9.785269 
J6|9.785433 
37  9-785597 
38|9.78;76i 

39|9-7859*5 

9.898981 

9.898884 

9.898787 

9.898689 

9.898592 

9.8  6288 

9.886549 

9.886810 

9.887072 

9-887333 

10.101019 
10.101 1 16 
10.10121  3 
10.101311 
10.101408 

10.214731 
10  214567 
10.214403 
10.214239 
10  214075 

40 

4' 

42 

43 
4_ 

45 

46 

47 

48 
45 

5° 

S' 

52 

53 

54 

55 

56 

57 

58 

59 

60 

|V  ! • • ! • 
• • 

■T  * 

11 

9.887594 
9.887855 
9.8881 16 
9.888377 
9 888639 

10.1  12406110.101506 
10.1 12145  10.101603 

10.1  1 188410.101701 
IO.I  I 1623  10.101798 
10. 1 1 1361110.101896 

10.21391 1 
10.213748 
10.213584 
10.213421 
10  213258 

9.786906 

9.787069 

9.787232 

9-787395 

9-787557 

I 

9.880900 

9.889160 

9.889421 

9.889682 

9.889943 

10  1 I I 100 
■10.100840 
10.100579 
10.100318 
10,100057 

10.101994 
10. 102092 
10.102190 
10.102288 
10.102386 

9.7  877  20|9. 897  5 1619. 890204 
9.78788319.897418  9.890465 
9.788045I9. 897320  9.89072  5 
9.7 88 2o8|9- 897 2 22  9.890986 
9.78837019.897123:9.80!  247 

IO.IC9796 
10.109535 
10.109275 
10. 1090 1 4 
10  108753 

10. 102484 
10.102582 
10.10268c 
10.102778 
10.102877 

10.212280 
10.212117 
10.211935 
10-21  1792 
10.211630 

9.788532 

9.788594 

9.788856 

9.789018 

9.789180 

9.789342 

9.897025 

9.896926 

9.896828 

9.896729 

9896631 

9.896532 

•Wl  • V r 
J r J 1 

•W*  • 7 1 

Sine 

Tangent 

Secant 

52  Degrees. 
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39  Degrees. 


Tangent 


10.091631  10. 
1 0.09 1373  10. 
10.091 1 14  10. 
10  090856  10. 
10.090598  10. 


10  090340  10. 
10.090082  10. 
10.089823  10. 
10.689565  10. 
10.089307  10. 


.109497  10.201128.60 
,109600  io.200972|s9 
109702  10  200816  58 
.109805  10.200C61  57 
109907  10.200505  $6 


1 10010  10.200349  55 
1 101 12  10.200194  54 
1 1021 5 10  200038  S3 
1 103 1 8 10.199883  S2 
110421  10.199728 


25  9.802743  9. 887926  9 914817  10.085 183 1 1 o. 

26  9.802897  9. 8878z2'9. 915075  10  08492511*. 

27  9.803050J9.887718  9 91 5332  10.084668! i0. 

28  9.8o3zc4[9.8S76i4'9.9i5590  10  084410110. 
29k1.803357l9.8875 10.9.91  Ss47  10.084 1 53  io. 
J0J9  803510  9.8874o6'9  9 16 104  10.083896110. 


T angent 


. 1 12074 
112178 
1 12282 
1 123S6 
1 1 2490 
112594 


10.198027 
10.197872 
10.197718 
10.197565 
10.19741 1 


,OI97257;3S 
10.19710334 
10.196950133 
10.196796  32 
10.19664331 
10.156490130, 
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39  Degrees. 


Tangent 


30  9 8035109.88740619.916104,  10 

31  9.803664  9. 887302l9. 916361  jio 

32  9.803817  9.8871989.916619  10. 

33  9.803970  9. 88 709319. 9 16876*  1 c. 
9.8041 2 3 9.88698919.9 1 7 1 34' 10. 


9 804276 9.886885 19.9 17391  !*° 
9.8044289.8867809.917648  10. 
9.804581  9.88667619.917905  to 
9.804734  9.886571  ,9  918  1 63 J 10 
9.804886  g.  88646619.91  8420*10. 


08389:  10. 
083638  10. 
.083381  10, 
.083124  10. 
•082866  10. 


o 2609 
.082352 
.082095 
.08 1837 
.081 580110 


1 12594  10.196499  3c 
1 1269s  10.196336  29 

I 1 2802  10.196183  26 
1 1 2907!  10.196030  27 

I I 301 1110.19,877  26 


50  9^06 3 57)9,8 8 53  1 1J9.921247  10.078753110 

51  9 . 8067099. 885205  9.921  505  10.078497110 

- ",  r*  it  A .1  0 — i **  n I «.  A . t « 


5 ■ ij.ouu  uy  9.  os  5 2059.92150;  1 0.070497  1 u. 

52  9.8068609.885100  9.921760  10  078240  10. 

53  9.80701 19  884794  9.922017  10.077983  10 

54  9.8071639.884889  9.022274  IO  077726  IO. 


1 14689  10. 
114795  10. 
1 14900  10. 
1 1 5CO.6  IO. 

115111  10. 


94201 

94049 

93897 

93746 

93394 


•93483 
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•93,4° 

192989 

192S37 
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o,9  8080689.884:54  9.923813  10.076187  10.1 15746 
1I9.S08Z  1 89.8S41 48^9. 9:4070  10.075930  10. 1 15852 
2I9. 8083689. 884042 ‘9.9243 27  10.075673  ic.  11 5958 
319.8o85i9'9.883936  9 924583  10.075417  10.1 16064 
4I9.808669I9. 883829  9.924840  10.075160  10. 1 16171 


10.191 181 
10.191031 
10.190881 
10.190731 
10.  100581 
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Tangent 

309.812544 

3 1 9.81 2692 

32  9.81284c 

33  9.812988 
349.813135 

9.881045 
9.880938 
9.880830 
9.880721 
9.88061  3 

9.931499 

9-93*755 
9 932010 
9.932266 
9.932522 

359.813283 

369.81343c 

37,9-813578 

38,9.813725 

399.813872 

9.880505 
9.880397 
9-88o28q 
9.8801 80 
9.880072 

9.932778 

9.933033 

9.933289 

9-933545 

9.933800 

4019.814019 
4 1 19-8 1 4166 
42  9.  : 1431 3 
4 3 [9  8 14460 
4 > 19.814607 

9.879963 
9.879855 
9-879746 
9 879637 
9.879529 

9.934056 

9.934311 

9-934367 

9.934823 

9-935078 

46J9-8 
,4719-8 
4 8 q.8 

V\l* 

S°i9-8 

5*9-8 
5 2! 9-8 

53 

54 
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9.8 

9£ 

9.8 
56:9.8 

57  9-8 
58:9-8 
59*9-8 
6o!q.8 


49°°j9-8793  1 i|9-935589 
5046,9.879202  9.93;  H44 
5193  9.879093  9.93610c! 
4 3 39  9.87808 4.19.9363  5 c 


66j9 


5485I9.87887 
56319.87876 
5778,9.8786569 
592  3 !9- 87  8547  9 
6060  9.8784  38  q 


32819 


62159.8783 
6361  *9.878219 

650719-878109  „ 

665;;9.s779ggj,; 
6797  9 87789 of 
6043:9.877-780 
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0.936010 

936866, 

937121 

9-95737', 

.9376121 


.9378871 

9.9381421 

I9.938397: 

938653 
I9. 938908 
9.939161 


0.068  301 
0.068245 
0.0671)90! 
0.067 


0.0-5,7222 


0.0667 1 1 
0.0664  5 5 
0.066200! 


0.065944 

0.063689 


0.065177 


0.0  >4067 
0.06441 1 
0.064 1 56 
0.06  390c 
0.063645 


0.063390; 
0.663 1 34 
0.062879! 
0.0626241 
0.0634681 


0.062 1 1 
0.061858 
0.061603 
0.06,347 
0.061 092 
0.0608  37 
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Secant 

•o.i  18955 

lO.  187450-3° 

10.1 19062 

io.i873o8,29 

10.1 19170 

io.i87t6o|2^ 

10  1 19279 

10.187012  *7 

10. 1 1 9387 

10.186865 

26 

10. 1 19495 

. . 

1 0.1  bo;  17 

2 ' 
• 

10.1 19603 

10.186570 

2>, 

10.1 1971 1 

>0.186422 

23 

10,119820 

10.1 86274 

22 

10. 1 1992  8 

10.1861 28 

2 1 

lo.  1 20037 

10.185, ,»i 

ZC 

IO.  1 2014  5 

10.185844 

‘9 

10.1  20254 

10.185687 

1 s 

10.1  20363 

10.185540 

'7 

10. , 204;  1 

1 0. 1 8^394 

1 6 

1 0.1  205  AC 

10.  le  4247 

•5 

10,1  206  9 

10.1  '6  5 100 

'4 

10.120798 

10.184954 

. J 

• y 

10. 1 20907 

10, 1 8 1877 

12 

10.  1 210,6 

IO.  I 8466  r 

" 

10.121  1 25 

10.184,15 

'.  O 

10.12123.1 

10.1-84369 

9 

10.121  344 

10.184222 

8 

10.121457 

IO.I84C77 

7 

,0.1  2,  562 

10.(8)931 

6 

,0.121672 

, O.  I0.3785 

5 

10.121781 

lo.i8-,6)o 

4 

10.,  22S91 

<0.183493 

3 

IO.I22COI 

10.18334, 

2 

•O.  1 22  1 IC 

10.183203 

1 

IC.  1 22220 

,0.1  84057 

0 

2 
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Tangent 
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30:9.821265  9.87445 69. 946808 
9.821407  9-874344  9.947063 

32  9.8215509.^742329.947317 

33  9.82 169319.874 1 20  9.947372 
34*9.821835  9.8740q8i9., 747826 
3 5|9.8  2!  977,9.^7  3896  9.94X08 1 1 

369.822120,9.87378419.9483351 
37J9.822262J9. 87 367 2 9.948590! 
3 8 :9-8  2 2404  9.873  56019.948844.! 
8225469  87344^9  91.90  91 

4°  9 «*26b.b,9.873335]9  949353 

. • 9-82283049.87322319.949607 
9.822972  9.8731  io!9. 949862 
9-8231149.8729989^501 16 

44, 9*82325 i ! 9 -872883  9,950370 


Secant 


.46|9-823539 

47I9. 8236801 
44:9.823821 

[9.823963 


4>  [9- 8 23  397*9-8  7 277  2' 9.9  5062  5 


9.8726599.950879 
9-872547  9.951 133 
9. 872434  9.95I388 
9.872321  9,951642 


^.82410419.872208  9.951896 
[9.824245^.872094  9.9521 50 
.,-j9-824386;9. 87198 1 9.952404 
53!9-824527j9.87i868  9.952659 
5 4 9-8z*('6S; 9.871755  9.952913 


9.82480a  9.87 16419.953 167 
9.-82494?]9  871528  9.953421 
9 82509019  87i4i4<j.9^ 367 5 
- 9.825230*9.871301  9 953929 
599.825370^9.8711879.934,83 

6c. 9 82451  1,9  871073  9.Q5 4427 

1 i - ■ ~ ~ . ■ 


O.O53I92  IO.I25544 
O.O52937  10,125656 
0.052683*10.1  25768; 
o 052428-10. 1 25880 
0.052  74I10  1 25992* 
0.05191910. 126104 
0.05166510. 126216 
0.051410  10.126328 
10.051 156)10. 126440 
0.05090 1 1 O.  I 2655  2 
0.050647  ic.  126665 
o.050393lio.i26777 
0.0501 38  10.126890 
0.O49834'i0,i27OO2 
0.049630*10.1271  i 5 


Sine 


0.04937510. 12722a 
0.049121  10.127341 

,274531 
127566 
i 27679 


0.048867  10. 
0.048612:10. 
0048358]  10. 
0048 10490. 
o 047850:10. 
0.047596,10. 
0.04734  i.'io. 
0.047087:10 


1 27792 
1 27906 
128019 
1 28132 
1 28243 


0.046833]  10. 
0.046579I10. 
0.046325 
0.046071 
0.045817,10 
0.04356490 


,28359, 
12847  2] 
128586’ 
128699* 
128813! 

1 28927 


Tangent 


°* 1 7a73S  13° 
°-'78593  29. 
0.178450,28] 
01 78  507 
0.178165 


o 1 78023 
0.177880 
0.177738 
0.177596 
0-177434 


0.177312 
0.177170 
o.  177028 
o.  1768861 
0.176745 


27, 

126I 

2S 

24 

l23 

22 

21 

i20 

•9 

18 

17 

16 


0,176603 
0.176461 
°- 1 7C>3  20j  1 3 
°-'76l79ji2 
0.176037I,, 


0.175896.101 

°* 1 7 5 7 5 5 1 

0.175614, 

°- 1 75  473| 
°-,7>332 


o.i75l92 

0.175051 

0.174910 

0.174770 

0.174630 

0.174489 


Secant 


5 


48  Degrees." 
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2 

3 

£ 

uo 

0 

1 

2 

3 

4 

Sine 

Tangent 

« 

Secant 

60 

59 

5» 
57 
5<> 
55 
54 
53 
5 2 
SJ 
5° 
49 

48 

47 

46 

45 

44 

43 

42 

4' 

4C 

39 

38 

37 

36 

35 

34 

33 

32 

3' 

3° 

9.8255 11 
9.82565 1 
9.82579! 
9.825931 
9.826071 

9.871073 

9.870960 

9.870846 

9.870732 

9.870618 

9-954437 

9,954691 

9-954945 

9.955199 

9-955453 

10.045563 

10.045309 

*0.045055 

10.044801 

10.044547 

10.128927 

10.129040 

10.129154 

10.129268 

10.129382 

10.174489 

10.174349 

10.174209 

10,174069 

10.173929 

s 

6 

7 

8 

_9 

10 

11 

12 

13 

' 4 

9.82621 1 
9.826351 
9 826491 
9.82663 1 
9.826770 

9.870504 

9.870390 

9.870276 

9.870161 

9.870047 

9-9557°7 

9.955961 

9.956215 

9.956469 

9.956723 

10.044293 
10.044039 
10  043785 
10.043531 
10.043277 

10.129496 

10.129610 

10.129724 

10.129839 

10.129953 

10.173789 
10.173649 
1 0.173509 
IO.I73369 
IO.I7323O 

9.826910 

9.827049 

9.827189 

9.827328 

9.827467 

9.869933 

9.869818 

9.8697O4 

9.869589 

9.869474 

9.959977 

9.957231 

9.957485 

9-957739 

9957993 

10.043023  10.130067 
io.o42769!io. 130182 
10.0425 1 5)10.130296 
10. o4226i|io. 13041 1 
1 0.042007!  1 0.130526 

10.173090 
10.17295  1 
10.1728 1 1 
10.172672 
'0.172533 

■5 

16 

>7 

18 

‘9 

9.827606 
9.8277+5 
9.827884 
9.828023 
9.828 162 

9.809360 
9.869245 
9.869130 
9.869OI  5 
9,868900 

9 958246 
9.958500 
9.958754 
9.959008 
9.959262 

10.041754  10.130640 
10.041 50o:io.  130755 
10.041246:10.130870 
10.040992  10.130985 
10.04073810. 131 100 

10.172394 
10.172255 
10. 1721 10 
10.171977 
10.171838 

20 

21 

22 

23 

9.828301 
9.828439 
9.828578 
9.828716 
9 828855 

9.808785 

9.868670 

9.868555 

9.868440 

9.868324 

9-9595' 5 
9.959769 
9.960023 
9.960277 
9.9605  30 

10.040485 
10.040231 
10039977 
10.039723 
io.  039470 

10. 13121 5 
10.131330 
10.131445 
10.131560 
10.13  1676 

10.171699 
10.171561 
10.171422 
10  171284 
10.171 145 

2519.828995 
26:9.829131 
27I9. 829269 
28)9.829507 
29:9.829545 
30)7.829683 

9.808209 
9.868093 
9.867978 
9.867862 
9.867747 
9.S6763 1 

9.960784 

9.961038 

9.961291 

9.961545 

9.961799 

9.962052 

10.039216 

10.038962 

10.038709 

10.038455 

10.038201 

10.037948 

10.13  1791U0.171007 
10.131907  10.170869 
10.132022  10.170731 
10.132138  10.170593 
10.132253110.170455 
10.132369  10.170317 

' 

. 

Sine 

Tangent 

Secant 

S 

3 

c 

ft 

1“ 

47  Degrees. 
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42  Degrees. 


3° 


Sine 


9.^2908^^.8076;  1 


*>  9-8^7S‘> 


9.962052 


'9-829959l9-'673?9  9 

9.8672a; 


9-833*34 


9-83°372 


9.830509  9.860935(9.903574 

9.830646  9.866819,9.963827 


9.830784  9.866703 
5 830921 9 866586 


9.831058 


9-83»»9S 


9,831332 

9.831469 


9.83 1606 


9.830097 

14 

35 

36 

37 

38 
32 
40 
4' 

42 

43 

44 

45 

46 

47 

4« 

49 

5C 

5 1 

52 

53 

54 

55 

5 6 

57 


59 

6 c 


9.867  167 


9.06705 1 


Tangent 


9.902306 
.962560 
9.96281  ; 


Q.963067 


9-96332o 


9-83  l74; 


9.96408 1 


9 964335 


9.806470  9.964588 
9. 86O353I9. 964842 
9.86623719.965095 
9.86612019.965349 
9.866004)9.965602 


9.8O5S87  9.96,855 


9.831  879  9. 80:  77O  9.9 Sr  | 


9.8;20l  5 9.865653  9.966362 


9.8321 5 2)9. 865536  9. 9666 It 


9.832288.9.865419)9,966869 


9.83242519.86530219.967122 


9.832561:9.805  185)9. 967  V75 


9.83  2697  Jg.*- 63  00819.9676  3Q1 

9-832--33|9-8649)0 


9.83296919.864833 


9.967883 
9.9681 56 


9.833105)9.86471619,968389 


10.037694 

IO, 

10.037440 

10. 

Id  037187 

10. 

10.036933 

10 

10.050680 

1 0. 

10.036426 

10. 

10.036.-73 

10. 

2 833377  9 864481)9.968896 
8 9-833512  9.864363  9. 96914^ 

9.83364S  9.804245;9.9694O3 

9 833783  9.864127  9^2626^6 


Sine 


0.037248 


J-°359 1 / 

0.035665 


Secant 


o.°354i2| 

0.035 1 5s' 
0.034995! 


0.034651 

°-°34398j 


o 034145) 

0033891; 


0.033638; 
0.033384' 
0.0331  31 1 


o. 


3*309 


32485 

32&01 

3*7-7 

3l833 


32949 
3>o6;| 
33181; 
3 3 297 1 

534-4 


33530, 

3 3f;47' 

337631 

33880 

33996 


34' 1 3 

3423Q 


34347 

34404 

3438' 


10.032878 
10  032624 
10.032370 
10.032 1 17 
10.03 1864 

I0..34698 10.167,75 
10.134815  10.167439 
!0. 154932  10.. 67303 
10.13505°  10.167167 

10.135167  10.167031 

10.03161  IjlO.I  35254:10.106895 

10.031357- 

19.031104 

10-135402^0.166759 
10. 1 3 ; 5 1 9 10.166623 

10.03085  I 

10.030597 

10.030*44 

,o.,3s637{io. 166488 

,0-'3S7i5!,0'66352 
10.115873  10.166217 

°->703>7,30 


29 

28 


0.170172 

0.170041  _ 

0.169903  27 

OaOOTOojzS 

o.i69u28'25 

0.169491)2^ 

°- >6si3S4 


0.169210 

o 169079 


c.  1681,42 

0.16810; 

0.168' f8 

0.168.-51 
o.  168394 


0,168258 

0.1601.21 


0.16798  5 
0.16784-  _ 
0.16-712  11 


2i 

iii 

12 

t8 

17 

1 6 

li 

*4 

li 

Li 


7 

6 


Tangent 


Secant 


47  Degrees. 
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A Table  of  Artificial  Sines, 


4j  Degrees. 


s 

3 

c 

O 

60 

0 

1 

2 

3 

4 

Sine 

Tangent 

9.833783 

9-833919 

9.864127 

9.864010 

9.969656 

9,969909 

9.970162 

9.970416 

9.970669 

9-834°54 

9.834189 

9.834325 

9.863892 

9.863774 

9.863656 

5 

6 

9.834460 
0 8ii.co: 

9.863538 

9.863419 

9-.9Z.9922 

Q.Q7  C 17? 

zi  834730 

8,9.834865 

9.863301 
9 863183 

9-971429 

9.971682 

9!9-83499;,9-8&3o64 

9-971935 

io9-835134'9-862946 
1 19. 83526919. 862827 

9>972i88 

9.972441 

9.972695 

9.972948 

9.973201 

L2I9.8354039. 862709 
14I9.835672I9. 862471 

* sl9-8358°7|9  802353 

2 973454 
9.973707 
9.973960 
9.974213 

1719.836075 

7’  - "JT 

9.862115 

_*? 

20 

9.83634319,861877 

9.974466 

9 836477 

q. 861 758 

9.974719 

21 

9.83661 1 

9 861638 

9-974973 

22 

9.836745 

q.861 5 iq 

9.975226 

2319.836878  9.861400 
837OI7  9 861780 

9-975479 

9-975732 

2519.837I46  9.86U6I 

9-97598S 

9.976238 

9.976491 

9.976744 

9.976997 

9.977250 

26|9.837279  9.86104I 

27  9 .8374  r 39, "86092 1 

zo|9-°3754u 

29t9.837679 

g 860682 
q. 860562 

30'q. 837812 

Sine 

0.029078 
0.028825 
IQ  O2857 I 
o 028318 

0.028065 


0-03034* 


0,03009 1 
O.O29838 
0.029584 


O.O29331 


Secant 


«o-«35873i 


10.135990 
10.136108 
10.1 36226] 


10.136344 


10.136462 
10.136581 
10. 136699 
10  136817 
10.136936 


0,027812,10.137054 


0.027559li0.i37|73 


0.027305110,137291 


0.027052  10.137410 
0.026799,10.137529 


0.02654610. 137647 
0.026293:10.1  37766 
0.026040  10.137885 
0.025787  10,138004 


0.025  5 34' 101^8123 


0.025281 

0.025027 


0024774 

0.024521 

0.024268 


10^138242 
10.13836: 
10.138481 
10. 1 38600 

10.138720 


10.138839 
LQ.138959 
10.139079 
10.139198 
0.023003  10.139318 
0.022750  10.1  39438 


0.02401  5 
L0  023762 
O.O235O9 

O.O23256 


Tangent 


4 6 Degrees. 


0.166217 


0.166081 
0.165946 
0,16581 1 

0.165675 


0.165540  5 
0.165405 
0.165270 
o.  j 65  * 3 5 

0.165001 


0.164866 


0.164731 

'6+597 

0.164462 


0-«6443 


0.164193 


0.164059 

0.163925 


0.16379! 

0.163657 


0.16352 

0.163389 


0.163255 
o 163122 
0.162988 


0.162854 

0.162721 


0.162587 
0.162454 
0.162321 
0.1621 88 

Secant 


60 

59 

5« 

57 

S( 


' 5 
54 
S3 
S2 
5i 
5° 
49 
48 

47 

8 46 

45 
44 
43 
42 
4 ' 

3 4° 
39 
38 
37 
36 

35 

34 

33 

32 

U 

30 
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43  Degrees. 

Secant 


lo"  8378 
8379 


3S  9.838477 
3^,9. 83861c 

37  9.838742 

38  9.83887 5 

39  9.83900- 


9. 859360  9-979780' 1 0.OZ02  20]  >0.140640 
9. 8592  399.98003  3' 10.019967 110.140761 
9,8591 199. 980286)10.019714  10.140881 
9.858998  9.9805381 0,019462!  10. 141 002 
9.8  5887719.980791;  16.0!  920QjlO.  1 41 1 23 


9.858756  9 98 1044 1 0. 
9 858635  9.981 297  10. 
9,8585149.931550, 

4,  85839319. 981 803 
9.85827219.982056 


9“  3 ^7 
98  38  2 
98407 
9843  3 

082.C  8 


Minutesj 
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A Table  of  Artificial  Sines, 


44  Degrees. 


Sine 


9-84*771 19 

9.841902 

9.842033 

9.842163 

9.842294I9 


19.843076 
9.843206 
9.843336 
9.843465 
9 843595 


!9-843725I9-855°96|9-9886z9 


69.843855 


3 

-4  „ 

]9-842424| 
6 9-842555 
9.842685 
84281 
9.842946] 

10! 

1 1 
12) 

*3 

141 

*5 

1 

i 

1 

12 

20 

21 
22 
23| 

*4 

25 

2 

*7\ 

28l 
29| 

30 


856934) 
9.856812 
9.856690 
9.856568 
• 856445 


8439849.8548509.989134 

8|9-844"4;9-8S4727 9 989387 

9.844243)9.854603  9.989640 


[9.984837 

19.985090) 

|9  985343 
9.985596 
9 985848 


9.856323 
9. 856201)9 
9.856078 
5)9.855956)9 
9-8?5833 


9.855711 

9.8555889 

9.8554659 

9-85  5 342 

9.85521 


9-8S4973 


Tangent 


[9.986 1 o 1 

.•986354) 

[9.986607 
.986860) 
[9.9871 1 2 


I9.987365 

.987618 
987871 
[9.988123 
9)9  988376 


9.988882 


9 84437* 

9.844s02 

9.844631 


9.8544869.080893 
9.8543569.990145 
9.8542339990398 
9.844760  9.8541099.990651 
9.844889  9.8539869.990903 


9.845018  9. 853862*9. 991156 

6)9-845  * 47  9-8537389991409 

19.845276  9.853614  9.991662 
9.8454049.853490  9.991914 

9-845533  9-853366  9.992167 

9.845662  9.853242  9.992420 

Sine 


Secant 


0.015163)10.143000) 

o.oi4gio|io.i43i88| 

0.014657  10.143310 
0.014404  10.143432 
0.014152  10.143555) 
0.01 3899)10. 143677! 
0.013646  10.143799 

°-0,3393;,0-,43922 
0.013140)10.144044 
0.012888  10.144167 


10.1 58229] 
10. 1 58098 
10  157967 
io. 1 57837 
10. 1 57706 


1 °- 1 575  76) 

10.157445 

*°- 1 5 7 3 1 
10.1  57185 
10.1  57054I 


60 

59 

58 

57 

ss 

54 

5|53 

S2 

s» 


0.012635 
0.01 2382 
0.012129 
0.01 1 877 
o 011624 


0.01 1371 
0.01 1 1 18 
0.010866 
0.010613 
0.010360 


0.010107 
0.009855 
0.009602 
o. 009349 
0.009097 


0.00K844 
0.008591 
0.008338 
0.008086 
o 007833 
O.CO75S0 

Tangent 


10.144289 
10.1 4441 2 
10.144535 
10.144658 
1.0144781 


10.144904 

10.145027 

10.1451501 

10.145273 

10-‘45397 


10.145520] 

10.145644 

10.145767 

10.145891 

10.146014] 


10. 1 56924 
10.156794) 
10.156664] 
i °.  1 565  3 5 
10  1 56405 


10.156275 
10.156145 
10.156016 
10. 1 55886 
10.15575 


10.155628 
10.155498 
10  155369 
io.  1 5524c 
10. 1551 1 1 


10.146138! 
10  146262 
10.1463861 
10.146510) 
10.146654) 
10.146758' 


10.1  54982)3 

10-154853 

10-154724 

,0-'5459f 

10.1  4467 

10.1  5-144 


Secant 


5° 

49 

48 

47 

46 

45 

44 

43 

42 

4i 

40 

39 

38 

37 

36 


> 

34 
33 
32 
3 * 


830 


45  Degrees. 
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44  Degrees. 


2 

3 

E 

n> 

Sine 

3° 

9.84  5602 

3' 

9-8  + 579° 

32,9.8459 
3319.846047 
3419.846171; 


,9  83324219.99242°! 
9.85311819.992672' 


9I9.852994 

9.852869 


3;  9.846304 
369. 846432 

37  9 846560 

38  9.84668 s| 

39  9.8468161 


+0  9.446944 
4‘  9.847071 
42,9.847199 
33  9.847327I9 
>44  9.847 444 


9.8519979.994947! 
9.851872  9 995199! 
9»8S'747  9-9954>2, 
.8516229.995705 
19.85147-19.994957; 


45  9.S47582' 

+bi9-84770v! 
47,9.847837 
4*  9.847964 
49  9 848-91 


Tangent 


9.992925 
9*993 1 7 ^1 


9-85274;l9.99H3Ql 


9. 85z62o'9. 993683; 
19.8524969.993936! 

7-8S237*  9 994 1 89 
9.85224-9.994441 
7.852122^.994694 


,9.85137219.996210; 
|9  85124619.996463' 
9,85  I I 2!  J9.9967  1.5 
9.85099s!9-9/6968 
9.850870:9.997221 


50)9.8482189  85074519.997473 
3 1 19.848  J49  9.850619  9.997726; 
5 2)9.848472  9-850493  9.997979’ 
53)9.8485999.854)367:9.998231: 
9.848726  9.850242  9.998484 
9.848852  9.8501 16*9.998737 

9-848979  9-849S9°9.99'i9'>9 

9.8491009.8498649.9,9242 

9.849232  9.849737  9 999495' 
9.8493599.84961 1:9.999747! 
9.846485  9^84943  5 j I O.rccoooj 


Sine 


Secant 


04307580 

0.007328 

0.007075 

0.006822 

0.006570 


0.006317, 
0.006064 
o 00581  rj 
0.005559! 
0.005  306! 


0.005053, 
0.004801' 
0.004548 
0,004275 
0.00404  3) 


0.00379°, 
0.003537 
o 003285 
o 003032 
0.002777! 


0.002527! 

0.002274; 

0.0320211 

0.001769! 
o 001 5 >6 


o 001263' 
o 00 1 o 1 1 ] 
0.000758; 
0.000305, 
0 00025  31 
o 0000001 


0.14675S 
0.146882 
0.147006! 
0.147131 
°-»47  = 55 


0.147380 

°-I475°4 

0.147629 

°-H7753 
o.  1 47878 


0.148003 

0.148128 

0.148253 

0.148378 

0.148503 


0.I48O28 
0.148754' 
0.148879 
0. 1 49004 
0.1491301 


0.149255 

0.149381 

0.149507 

0.149633! 

0.147758 


i°.,54338  3° 
10.15421029] 
10.154081  28) 

l0-,539>3  37: 

10.153825  26 

1 o.i  53O90 

10.153568 

1 o.i  5344°] 

10.153312 

i°-'  53|8-3| 


10. 1 53056 
10.152929 
10. 152801 
10.1 52673 
io.  152540! 


10.152418! 
10.152291 
10.152163 
1 o.  1 3 203fc»|  ( 
1 0.1 51909! 


10.151782  ,o| 
10. 1 5 1653 
10. 1 5 1 528 
10.151401 
10.1512.7+ 


•5 

•3 


10.151148 
10. 1 5 102 1 
10. 1 50894! 
10  150768 
o.  1 50389;  10.15064  1 
0.1 50?  1 5!  10. 1505 1 5 


o.  147884 
o-i  jooioj 
0.1  501  3 6j 
0.1  502 


Tangent 


Secant  I £ 


45  Degrees. 
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A TABLE  ot  Angles,  which  every  Rumb  (or 
Point  of  the  Compals)  maketh  with  the  Meridian. 
Nnrrh  I Smirh  iPointl  D.  M.  I North  I South- 


NEbE 


2 

49 

5 

37 

8 

26 

1 1 

15 

14 

4 

1 6 

52 

«9 

41 

22 

3° 

2 i\*5  *9 

2 I 

NEbN  SE  b S 3 ^ I33  4slNWbNlSWbS 


3 + 
3 h 
3 i 


N.EaftlS.Eaftk  45  00  IN  WeftlS.  Weft 


NE  bE  SE  b E 5 


ENE.  ESE.  6 


59  . 4 
61  52 

67  30  WN  W WSW 


E by  N E by  S.  7 


W b N W bv  > 


Weft  Weft 


finis. 

608500  | \ 
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